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DISCLAIMER
The study discussed in this document was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group,
an
organization of the International Joint Commission, established under
the Canada—US Great Lakes Water Quality Agreement of 1972.
Funding was
provided through the Ontario Ministry of the Environment and the Inter—
national Joint Commission.
Findings and conclusions are those of the
author
and do not necessarily reflect the views of the Reference Group
or its recommendations to the Commission.
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The
stu
dy
on
pri
vat
e w
ast
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isp
osa
l s
yst
ems
(se
pti
c t
ank
—ti
le
fie
lds
,
ces
spo
ols
,
etc
)
was
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rie
d
out
as
a p
art
of
the
eff
ort
s
of
Act
ivi
ty
3 i
n t
he
Can
adi
an
Tas
k C
inv
est
iga
tio
ns
und
er
the
IJC
/PL
UAR
G
Pro
gra
m(I
nte
rna
tio
nal
Joi
nt
Com
mis
sio
n/
Pol
lut
ion
Fro
m L
and
Use
Act
ivi
tie
s
Ref
ere
nce
Gro
up)
.
Thi
s s
tud
y c
ons
ist
ed
of
two
par
ts:
(I)
fie
ld
inv
est
—
iga
tio
ns
of
som
e e
xis
tin
g p
riv
ate
was
te
dis
pos
al
sys
tem
s,
and
(II
)
est
ima
tio
n o
f p
oll
uta
nt
loa
din
gs
fro
m s
yst
ems
in
wat
ers
hed
s a
dja
cen
t t
o
the
Gre
at
Lak
es.
Thi
s r
epo
rt
cov
ers
the
par
t o
n f
iel
d i
nve
sti
gat
ion
s.
The objectives of the field investigations were:(i) to study
the
qual
ity
of t
he g
roun
d wa
ter
adja
cent
to p
riva
te w
aste
disp
osal
syst
ems.
(ii) to estimate the attenuation of chemical pollutants by various soils,
and (iii) on the basis of the findings obtained in the field, to review
the guidelines set by the Ontario Ministry of the Environment pertaining
to the design and construction of septic tank—tile field systems.
A total of nine septic tank—tile field systems were chosen for
the study. The systems were constructed in soils ranging from clean
beach sands to clayey silts. Well points were installed at Strategic
locations adjacent to the systemsunder study. Whenever possible, the
ground water monitoring program was continued over a period of two years.
It was found that the attenuation of phosphorus by soils was
usually excellent (>902),the attenuation of nitrogen was good (about 80%)
and the attenuations of sodium and potassium were moderate (about 50%).
The bacteriological contamination caused by the disposal systems was
found to be minimal. In most systems studied, the quality of the ground
ii
   
 wat
er
at
a d
ist
anc
e o
f 1
5 m
(50f
t)
on
the
dow
n—g
rad
ien
t s
ide
of
the
tile
fiel
d m
et t
he w
ater
qual
ity
crit
eria
limi
ts f
or p
ubli
c s
urfa
ce w
ater
sup
pli
es
set
by
the
Min
ist
ry
of
the
Env
iro
nme
nt,
Ont
ari
o
(MD
E).
Gen
era
lly
,
the
gui
del
ine
s p
ert
ain
ing
to
the
des
ign
and
con
str
uct
ion
of
sep
tic
tan
k—
tile field systems were found to be adequate.
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CONTAMINATION OF THE GREAT LAKES BY PRIVATE WASTES
(PART 1 — FIELD INVESTIGATIONS OF PRIVATE WASTE DISPOSAL SYSTEMS)
1. INTRODUCTION
In accordance with the terms of reference of Activity 3 in
the IJC/PLUARG Task C studies (1974), the main objectives of the private
waste disposal study were:
1. To determine the extent of contamination from private
waste disposal systems to receiving waters (e.g. streams,
rivers or lakes) and the attenuation of pollutants bysoils.
2. To examine the adequacy of existing regulations and guide-
lines concerning the design and construction of private
waste disposal systems.
3. To estimate the input of different pollutants*from the
existing private waste disposal systems to the Great Lakes.
This report (Part I — Field Investigations) summarizes the
field studies and interpretes the test results with reference to objectives
1 and 2. The study related to objective 3 is covered in part 2 of the
report which deals with pollutant loading estimates.
The approach adopted in this project was to study the contamination
of ground water from a number of existing private waste disposal systems.
Also the information pertaining to the usage and performance of these
systems, the soil and hydrogeological conditions at the site was obtained.
A total of nine test sites in Ontario were selected for the
project (Figure 1). The locations of the sites and the pertinent soil
characteristics are listed in Table l.
 
* The words "pollutant" and "contaminant" are used interchangeably
in this report.
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FIGURE I, LOCATIONS OF PRIVATE WASTE DISPOSAL TEST SITES‘
 TABLE 1. LOCATIONS AND SOIL CHARACTERISTICS OF TEST SITES
Site Location of Site Soil
Characteristics
1 & 2 On Georgian Bay, Uniform fine beach
between Wasaga Beach sand.
and Collingwood.
3 On Bass Lake, west of Fine to medium
Orillia. sand.
4 'Innisfil,on the west Sandy silt.
shore of Lake Simcoe. A
5 On Lake Muskoka, north Imported medium sand H
of Gravenhurst. on granite outcrop.
6
In Bondhead.
Clayey silt.
E
7 On the outskirts of Clayey silt.
Milton.
8 In Town of Vaughan, Clayey silt.
west of Thornhill.
9 On Severn River, north Imported medium sand
of Washago.
overlying clayey silt
and part of a granite
outcrop.
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sections would save having to auger two extra holes using type "A"
well points). Because of the cohesive nature of clayey soils, it was
possible to keep the augered hole open (i.e. no cave—in of soil below
water table) during the installation of the pipe in the hole. Types
"B" and "C" well points were multiple - section well points enabling
the extraction of water samples at various depths.
Type "B" well points were constructed from several sections
(about 0.6 m in length) of PVC pipe. Consider a well point made up
of three sections (see Fig. 2). For the bottom section, a cap was
placed on the bottom and a PVC disk with two drilled holes to allow the
insertion of polyethlene tubings was cemented into the upper end of
the pipe section. For the middle section, a disk with four drilled holes
was cemented to the upper end of the pipe. A sampling tube and a vent
tube were inserted into the bottom and middle sections, which were
cemented together with the upper section to form one long well point.
The leakage between any two sections was prevented by ensuringa good
PVC cement Seal between the disc and the pipe section wall and making
tight holes for tube insertion. Finally holes 1 cm in diameter were
drilled into the sides of each section for a length of 15 to 20 cm and
then covered by nylon mesh.
Type "C" well points served the same purpose as Type "B"
with the main difference being in their construction. Type "C" well-
points comprised sections or canisters cut to lengths of 50 cm and
capped on both ends. A sampling tubing and a vent tubing were installed
into one end of the canister after the intake perforations in the can—
 
  
ister were madeand covered with the nylon (No. 270) mesh. At the time of
installation, the canister was placed into the augered hole and a 15—20
cm layer of native soil was compacted above and around the canister.
This process was then repeated until 3 or 4 canisters were installed in
the same augered hole.
The installation of all well points was similar. Holes were
augered at predetermined locations to the required depth such that the
contaminated groundwater would be intercepted. Having installed the well
point, the hole was then refilled with the native soil and compacted
around the point. These well points were installed below the ground
surface level as shown in Figure 2 to minimize possible obstruction
and inconvenience to the owners of the testing sites.
2.2 Ground Water Sampling
 
The equipment used in taking ground water samples included
a suction pump connected in series with a sample bottle and the 10-
mm diameter sampling tubing from the well point.‘ A vacuum was pro—
duced in the sample bottle by the suction pump and the ground water
in the well point was drawn up into the bottle.
Before ground water samples were collected from the well
points for laboratory tests, the stagnant water in the well points
was pumped out and discarded. It was not possible to dry out aWell
point (type "A") installed in sand because the supply of ground water
from the surrounding sand was continuous. In this case, the first
1000—2000 mls of water was extracted and thrown away. Then the
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particles in the ground water sample. The chemical tests and bacter—
iological tests performed on the ground water samples were done ac—
cording to the methods described in the IJC/PLUARG Task C technical
report entitled "Data Collection and Assessment" (1975).
2.3 Sampling of Soils and Septic Tank Effluent
 
Disturbed soil samples were obtained from several augered
holes at each test site and were returned to the laboratory for
physical and chemical tests. The physical tests included particle
size analysis, permeability test and Atterberg limits (ASTM,1970).
The chemical tests on the soil samples consisted of the phosphate
 
 isotherm sorption test and the determination of the amount of acid—
extractable phosphorus for each soil sample. (Zarnett, 1974).
Samples of septic tank effluent were collected with
an automatic sampler on an hourly basis. Usually, a hole was
drilled in the septic tank outlet and a polyethylene tubing inserted
to extract the effluent. The samples were not filtered prior to any
chemical analyses in the laboratory. Sampling of septic tank
effluent and ground water for heavy metal analyses was done using
acid washed plastic bottles containing 20 drops of HNO3 as a
preservative (Ontario Ministry of the Environment, l9ZQ).
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of the tile field system. From the tiles, the effluent percolates
downward through the unsaturated soil located beneath the tiles. It is
in this zone of unsaturated soil that usually the principal attenuation
of the bacteriological and chemical pollutants is achieved. When the
effluent reaches the ground water system, it is mixed with the ground
water whichseeps towards the receiving body of water (e.g. a lake) if
the water table slopes in that direction. The concentration of a pollu—
tant in the ground water is generally less than that in the effluent
from the tiles because of: (i) some attenuation of the material in the
unsaturated soil zone, and (ii) dilution in the ground water system and
additional attenuation in the saturated soil below the water table.
3.1 First Method ~ Dilution Factor
 
The first method for calculating the attenuation makes use of
the assumption that for a pollutant which is not attenuated by the soil
(e.g. chloride ion), the decrease in the concentration of the pollutant
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There
fore,
if th
e
;
effect of dilution can be determined, the result of attenuation by
the soil of any given pollutant can be calculated.
Referring to Figure 3 (b), the amount of pollutant originating
from the tile field in a given time period is:
Ci‘Qi,
where Ci is the concentration of the pollutant
in the septic tank effluent and Qi is the flow
rate of the effluent fromthe tile field which
is discharged into the ground water.
However, because of the attenuation of the pollutant by soils,
the amount of pollutant going into the contaminated zone * is only equal
to:
a.Ci.Qi,
where a is equal to l for a pollutant not
attenuated by soils and is less than 1 for a
pollutant attenuated bysoils.
The amount of background pollutant seeping into the contaminated
zone is equal to:
CO.QO,
where CO is the background concentration of
the ground water into the contaminated zone.
On the basis of mass balance, in the contaminated zone,
c.(Qi + Q0) =a.Ci.Qi + CO.QO,
where C is the average concentration of the pollutant.
The equation can be rearranged and,
Q
= a.Ci + CO(Q_:>
(39)
l+ Q1
* The contaminated zone in the ground water system may be a large .
region defined by the envelope AA' in Figure 3 or it may be a smaller region.
12
. . . . . Eqn (1)
   lilll______d.
 0 . . . . . .
The term -' 15 defined as the "miXing ratio" Wthh can be
Qi
calculated if the values of a, C, C1 and C0 are kncwn. In practice,
the mixing ratio can be determined by measuring these three concentra—
tions (C, C1 and Co) of chloride for which there is little attenuation
by soils (Bear, 1965; Zarnett, 1976) and the value of "a" can be assumed
equal to 1. After the mixing ratio is determined, the value of "a" in
Eqn (1) can be computed for the pollutant under study, knowing the values
of C, Ci and C0 of the pollutant. The percentage attenuation of the
pollutant by soils is equal to (l — a) x 100.
A number of assumptions are made in the above mathematical
consideration:
(i) Over a long period of time, the movement of pollutants
from the tile field and the movement of background
pollutants into the contaminated ground water zone are
in a steady (constant) state.
(ii) The influence of the ground water table fluctuations
and the input of pollutants from sources other than
the tile field system are insignigicant.
(iii) The mixing ratio obtained from the chloride concen—
trations are applicable to other pollutants (i.e.
chloride and the pollutant being studied are mixed
with the same amount of uncontaminated ground water
from the "up—gradient" side in the contaminated
ground water zone).
(iv) The patterns of the distribution of pollutants in
the contaminated ground water zone are similar (i.e.
the zone which is heavily contaminated by chloride
is also the zone heavily contaminated by other
pollutants).
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l
* P
oro
sit
y
is
def
ine
d a
s
the
rat
io
of
the
tot
al
vol
ume
of
the
int
er-
connected open voids to the total volume of soil mass.
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(iii)
 
depths in the contaminated ground water zone and
analyzing the quality of the water samples taken from
these wells. The deepest wells should be located at
a depth where the ground water is essentially uncon—
taminated by the effluent from the tile field. To
obtain the value of the average concentration, C, an
envelope through which the pollutants are passing is
chosen through a number of well points located on
the down—gradient side of the tile field. On a scale
drawing of the envelope, the well points are plotted
and the values of pollutant concentration are assigned
to their respective points of sampling on the drawing.
Lines of equal concentration (isopleths) are then
plotted on the envelope. The area between two equi—
concentration lines is then measured using a plani—
meter. The area so obtained is multiplied by the
average pollutant concentration for that area. The
same measurement and calculation is repeated for
different areas bounded by other isopleths, and the
sum of these products is thus obtained for the whole
envelope. The average concentration for the envelope
is computed by dividing this sum with the total area.
The concentration of pollutant in the septic tank
effluent:
The concentration is determined by taking effluent
samples and performing chemical tests.
The flow rate of septic tank effluent which can be
measured or obtained from literature.
Together with the concentrations from (ii), it is
possible to calculate the rate of the mass input
of pollutants from the system to the ground water.
i 15
 (iv) The ground water velocity (for second method only):
This can be measured directly in the ground water
zone using tracers. Alternatively, for some soils
(e.g. sand) the velocity can be estimated from the
measured hydraulic gradient at the site and the
laboratory—determined coefficient of permeability
of the soil.
To illustrate the methods discussed above, an example is
provided in Figure 4 (a), (b) and (c). These Figures presentequi—
concentration values (isopleths) for chloride and another pollutant
under investigation. Figure 4(c) contains details of the calculations
using the two methods.
16
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Me
th
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c
o
n
c
e
n
t
r
a
t
i
o
n
of
c
h
l
o
r
i
d
e
in
th
e
se
pt
ic
ta
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e
f
f
l
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n
t
B
a
c
k
g
r
o
un
d
c
o
n
c
e
n
t
r
a
t
i
o
n
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c
h
l
o
r
i
d
e
in
th
e
gr
ou
nd
w
a
t
e
r
co
nc
en
tr
at
io
n
of
th
e
po
ll
ut
an
t
be
in
g
st
ud
ie
d
in
th
e
se
pt
ic
= 12 mg/L. (Ci)
B
a
c
k
g
r
o
un
d
c
o
n
c
e
n
t
r
a
t
i
o
n
of
th
e
p
o
l
l
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a
n
t
b
e
i
n
g
s
t
ud
i
e
d
in
= 0.02 mg/L. (CO)
Fr
om
th
e
eq
ui
—c
on
ce
nt
ra
ti
on
(i
so
pl
et
h)
di
ag
ra
ms
,
(F
ig
ur
es
4A
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B)
,
th
e
79 mg/L.
5 mg/L.
tank effluent
(c1)
(co)
the ground water
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
c
h
l
o
r
i
d
e
in
t
h
e
c
o
n
t
a
m
i
n
a
t
e
d
g
r
o
u
n
d
w
a
t
e
r
z
o
n
e
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23
mg
/L
,
an
d
th
e
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ag
e
co
nc
en
tr
at
io
n
of
th
e
po
ll
ut
an
t
be
in
g
st
ud
ie
d
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0.
13
mg
/L
(p
la
ni
me
te
r
va
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ca
lc
ul
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e
th
e
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te
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io
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t
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e
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e
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ra
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o
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/Q
i
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en
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at
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e
a
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at
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n
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d
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e
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at
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e
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e
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s
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d
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d
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d
a
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.e
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3
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s
x
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e
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t
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g
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h
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e
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e
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.e
.
Ar
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of
en
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lo
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x
v
x
n
x
(a
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ra
ge
co
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en
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at
io
n
—
ba
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gr
ou
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co
nc
en
tr
at
io
n
of
th
e
po
ll
ut
an
t)
].
’
Z
at
te
nu
at
io
n
of
th
e
po
ll
ut
an
t
é4
92
6:
6%
49
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x
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0
99%
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RC
EN
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GE
OF
AT
TE
NU
AT
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4. FIELD INVESTIGATIONS
 
In
ord
er
to
stu
dy
the
per
for
man
ce
of
pri
vat
e w
ast
e d
isp
osa
l
sys
tem
s,
a n
umb
er
of
sep
tic
tan
k—t
ile
fie
lds
wer
e
sel
ect
ed
on
the
bas
is
of the following requirements:
(i)
The
siz
e
of
the
tes
t
sit
e
sho
uld
be
as
lar
ge
as
pos
sib
le
to
mak
e i
t m
ore
con
ven
ien
t f
or
the
ins
tru
men
tat
ion
wor
k.
(ii
)
The
wat
er
tab
le
in
the
til
e f
iel
d a
rea
sho
uld
be
mor
e t
han
1.5 m below the ground surface.
(ii
i)
The
soi
l
str
ati
gra
phy
in
the
til
e
fie
ld
are
a
sho
uld
be
as
sim
ple
as
pos
sib
le
and
pre
fer
abl
y
the
sub
soi
l
wou
ld
con
sis
t
of one uniform material.
(iv)
Whe
re
pos
sib
le
the
sys
tem
s u
sed
on
a y
ear
-ro
und
bas
is
wer
e
chosen for investigation.
A
to
ta
l
of
ni
ne
se
pt
ic
ta
nk
sy
st
em
s
co
ns
tr
uc
te
d
in
so
il
s
ran
gin
g f
rom
cle
an
bea
ch
san
ds
to
cla
yey
sil
ts
wer
e s
ele
cte
d f
or
the
inv
est
iga
tio
ns
(Ta
ble
1,
p.3
).
The
sit
e c
ond
iti
ons
at
the
nin
e s
ite
s
wer
e v
ari
abl
e.
For
exa
mpl
e,
two
sys
tem
s w
ere
bui
lt
wit
h i
mpo
rte
d s
and
,
par
tia
lly
on
gra
nit
e
out
cro
ps;
one
sys
tem
was
use
d
for
a
sum
mer
cot
tag
e;
one
sys
tem
had
sur
fac
e p
end
ing
of
sep
tic
tan
k e
ffl
uen
t d
uri
ng
the
wet
sea
son
s a
nd
one
sys
tem
was
sur
rou
nde
d b
y a
gro
up
of
sep
tic
tan
k s
yst
ems
.
Wit
hin
the
ava
ila
ble
res
our
ces
and
tim
e f
ram
e f
or
the
fie
ld
stu
dy,
as
man
y s
yst
ems
as
pra
cti
cal
ly
fea
sib
le
wer
e c
hos
en
to
cov
er
dif
fer
ent
com
bin
ati
ons
of
sit
e
and
hyd
rog
eol
ogi
cal
con
dit
ion
s.
It
was
ass
ume
d
tha
t t
he
fin
din
gs
fro
m t
hes
e s
ite
s s
hou
ld
be
gen
era
lly
app
lic
abl
e t
o m
ost
private waste disposal systems.
In
mos
t c
ase
s,
a t
wo—
yea
r s
tud
y w
as
con
duc
ted
at
a s
ele
cte
d
sit
e.
USu
all
y i
n t
he
fir
st
yea
r,
a p
rel
imi
nar
y s
tud
y o
f t
he
gro
und
wat
er
19
 and soil conditions was undertaken. After analyzing the preliminary
results, a more detailed program was designed and carried out in the
second year with the emphasis on the study of the contamination of the
ground water on the down—gradient side of the private waste disposal
system.
4.1 Site 1
4.1.1 Site and System
This site was located on the south shore of Georgian Bay
approximately 16 km east of Collingwood, Ontario. The soil in the
area consisted of a uniform fine sand (D =0.12 mm, D = 0.25 mm,
10 60
Cu = 2.1*, Field percolation time = 5 seconds per cm) overlying a
limestone bedrock interspersed with layers of shale. The thickness
of the fine sand deposit was at least 4 m as determined by soilborings.
The ground surface sloped gently (about 3%) towards the lake and the
water table was approximately 1.5 m below the ground surface.
The site as depicted in Figure 5, had five buildings (one
house and four cottages) served by three private waste disposal systems.
The cottages were seasonally—occupied-dwellings used primarily during
the summer and fall seasons. The house was a year—round residence
occupied by two adults.
The house and cottages l and 2 (Figure 5) were served by
"disposal system 1" which was constructed in 1959. The disposal system
consisted of a concrete septic tank with a 3410 L (750 gal) capacity.
The tile field had eight rows** of clay tile totalling 86.6m
 
* Dlo Effective size, D60 60% Passing size, Cu Uniformity coefficient.
**
The
locations
of
tiles were
determined
by probing
with
a steel rod.
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at
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,
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d
a
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l
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ro
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e
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th
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d
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9
m
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d
18
.5
m
fr
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th
e
ed
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of
th
e
sy
st
em
.
Fi
gu
re
6
sh
ow
s
th
e
gr
ou
nd
wa
te
r
ta
bl
e
co
nt
ou
r
li
ne
s
at
th
e
si
te
wh
ic
h
in
di
ca
te
th
e
gr
ou
nd
wa
te
r
wa
s
fl
ow
in
g
to
wa
rd
s
th
e
la
ke
.
Fi
gu
re
7
sh
ow
s
a
cr
os
s—
se
ct
io
n
of
th
e
gr
ou
nd
su
rf
ac
e,
th
e
lo
ca
ti
on
of
th
e
gr
ou
nd
wa
te
r
ta
bl
e
an
d
th
e
we
ll
points.
Gr
ou
nd
wa
te
r
sa
mp
le
s
we
re
ta
ke
n
we
ek
ly
fr
om
Oc
to
be
r
25
to
Nov
emb
er
21,
197
4
for
che
mic
al
and
bac
ter
iol
ogi
cal
tes
ts.
The
sam
pli
ng
pr
og
ra
mm
e
wa
s
te
rm
in
at
ed
at
th
e
en
d
of
No
ve
mb
er
19
74
an
d
th
e
we
ll
po
in
ts
we
re
re
mo
ve
d
fr
om
th
e
si
te
at
th
e
re
qu
es
t
of
th
e
pr
op
er
ty
owner .
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In May 1975, a total of 19 well points were installed just
out
sid
e t
he
pro
per
ty
lin
e t
o s
tud
y t
he
qua
lit
y o
f t
he
gro
und
wat
er
on
the
dow
n—g
rad
ien
t s
ide
of
sys
tem
s 1
,
2 a
nd
3.
Fig
ure
5 s
how
s t
he
loc
ati
on
of
the
wel
l
poi
nts
and
Tab
le
2 c
ont
ain
s
ele
vat
ion
s
of
the
se
poi
nts
.
The
reg
ula
r
sam
pli
ng
pro
gra
m w
as
ini
tia
ted
in
Jun
e
197
5
and
terminated in November 1975.
4.
1.
3
Ex
pe
ri
me
nt
al
Re
su
lt
s
an
d
An
al
ys
is
4.
1.
3.
1
Pe
rc
en
ta
ge
At
te
nu
at
io
n
of
Po
ll
ut
an
ts
Tab
le
3 p
res
ent
s
ave
rag
e
val
ues
of
che
mic
al
tes
t
res
ult
s.
For
the
stu
dy
con
duc
ted
in
197
4,
the
tes
ts
on
the
gro
und
wat
er
sam
ple
s
inc
lud
ed
fou
r
par
ame
ter
s
of
nit
rog
en,
two
par
ame
ter
s
of
pho
sph
oru
s
and
chloride.
To
cal
cul
ate
the
per
cen
tag
e o
f a
tte
nua
tio
n o
f p
hos
pho
rus
(P)
and
nit
rog
en
(N)
by
the
soi
l a
cco
rdi
ng
to
the
met
hod
s d
isc
uss
ed
pre
vio
usl
y,
(se
cti
ons
3.1
and
3.2)
an
env
elo
pe
pas
sin
g t
hro
ugh
wel
l
poin
ts
6—11
was
chos
en
(Fig
. 5)
.
In t
he a
naly
sis
of a
tten
uati
on,
the
con
cen
tra
tio
n o
f p
oll
uta
nts
in
the
sep
tic
tan
k e
ffl
uen
t w
as
req
uir
ed.
At
thi
s s
ite,
bec
aus
e p
erm
iss
ion
to
sam
ple
the
sep
tic
tan
k e
ffl
uen
t
cou
ld
not
be
obt
ain
ed,
no
suc
h d
ata
wer
e a
vai
lab
le.
The
ref
ore
,
it
was
deci
ded
to u
se t
he d
ata
obta
ined
from
ten
othe
r se
ptic
tank
syst
ems
in 1976 in Ontario (See Appendix:2). The average, minimum and the
maxi
mum
valu
es o
f th
e po
llut
ant
conc
entr
atio
ns
in t
he d
ata
set
were
used
for
the
calc
ulat
ions
of t
he p
erce
ntag
e of
atte
nuat
ion.
A co
mbin
atio
n
of
the
min
imu
m c
onc
ent
rat
ion
of
chl
ori
de
and
the
max
imu
m c
onc
ent
rat
ion
of the pollutant being studied would yield the maximum percentage of
attenuation.
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 TABLE 2 WELL POINT ELEVATIONS (SITE 1, 1975)
 
ELEVATION (m)*
WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT‘ SLHQFACE 75—07—22 **
1-1 29.44 28.47 28.07
1-2 29.53 28.57 27.65
2—1 29.54 28.47 28.17
2-2 29.62 28.48 27.74
3-1 29.44 28.47 28.07
3-2 29.36 28.49 27.47
3’3 29.36 28.39 26.62
4-1 29.40 28.62 28.03
4-2 29.36 28.63 27.48
4—3 29.43 28.44 25.92
5—1 29.48 28.47 28.10
5-2 29.32 28.46 27.44
5-3 29.47 28.45 26.73
6-1 29.54 28.50 28.17
6—2 29.58 28.50 27.67
7-1 29.32 28.44 27.95
7-2 29.32 28.45 27.44
8-1 29.37 28.42 27.99
8—2 29.35 28.43 27.46
* Bench mark elevation assumedequal to 30.48 m (100 ft)
** Mid-point elevation of a set of perforations. See
construction of well points in Figure 2.
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TABLE 3
 
WELL
POINT
H
m
m
v
m
o
h
o
o
m
NITR
OGEN
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 1, 1974)
 
(as
N)
PHOSPHORUS (as P)
TOTAL
KJEL
DAHL
u«.._.mm. ..,_
...-_..-..~....—....._1
_.—... _..._._...
AMMONIA
0.10
0.10
0.
10
0.10
0.
10
0.
10
0.10
0.10
0.
10
0.10
0.10
0.
10
.10
0.
10
0.10
0.10
0.10
0.10
0.10
0.
10
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
0.26
0.26
0.
40
0.43
0.
34
0.
30
0.
38
0.
42
0.
44
0.47
0.
44
0.36
0.
22
0.36
0.38
0.
24
0
.
2
2
0.50
0.20
0.
40
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
Total Nitrogen = Total Kjeldahl + Nitrite + Nitrate.
Number
of
samples
for P.
All concentrations in mg/L.
Oct. 25,
Nov 1, No
v 7, Nov
13, Nov 1
9, Nov 21
, 1974.
Sampling dates:
NITRITE
0.04
0.
04
0.
04
0.
11
0.
11
0.
04
0.
04
0.
04
0.04
0.
04
0.04
0
.
0
4
0.
04
0.
04
0.
04
0.
04
0.
04
0.
04
0.
04
0.
04
NIT
RAT
E
TOTAL*
NITR
OGEN
TOTAL
 
0.04
0.01
5.
18
27.30
7.
74
0.
20
2.93
0.
20
13.
50
1.
70
0.20
0.35
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.
34
0.
31
5.
62
27.80
8.21
0.
54
3.
35
0.66
13.
90
2.21
0.
68
0.75
0.66
0.
80
0.
82
0.
68
0.
68
0.
94
0.64
0.
84
SOL
UBL
E
CHLORIDE
(as C1)
 
* 0.02
0.
10
0.37
2.48
0.28
0.54
1.
15
0.16
2.90
1.
00
0.
18
0.03
0.05
0.03
0.
02
0.
02
0.03
0.57
0.
18
0.
12
9‘:
[4]
[4]
[6]
D]
D
]
[4]
B
]
[4]
B]
[4]
[4]
[4]
b]
[5]
[5]
[5]
[5]
[3]
[4]
[4]
<0.02
0.
02
0.20
2.40
0.21
0.
42
1.00
0.13
2.80
0.84
0.15
0.
02
<0.02
<0.02
<0.02
<0.
02
<0.02
0.
45
0.15
0.10
[51+
[51
[6]
[61
[6]
[5]
[61
[51
[6]
[51
[5]
[51
[51
[5]
[51
[5
]
[4]
[3]
[3
1
[a
]
w
r
n
o
m
e
n
a
>
m
>
v
N
<
V
[51++
[61
[6]
[6]
[61
[4]
[4]
[4]
{6]
[41
[4]
[1
+]
[5]
[4]
[5]
[4]
[4]
[2]
[4]
[3]
id:
Number of samples for N.
++ Number of samples for C1.
 Alternatively, the combination of the maximum concentration of chloride
and the minimum concentration of the pollutant beingstudied would give
the minimum percentage of attenuation. The average concentrations would
give a percentage value between the highest and the lowest values.
Table 4 is a summary of the calculations. It was felt that the percen—
tage range would provide a better indication of the amount of attenuation
of the pollutants. Since the water supply used bythe household was
ground water and its concentration of chloride was relatively low
(5 mg/L), the concentration of chloride in the septic tank effluent would
probably be close to or below the average value obtainedfrom 10 other
sites (Appendix 1). It was assumed therefore, that the percentage of
attenuation given by the average concentration of chloride would be
more probable than the maximum and minimum values.
Table 5 summarizes the average chemical test results on the
ground water samples obtained from the well points installed in 1975
(sampling dates: June 12, 20, 26; July 22; Aug. 22; Sept. 30; and
Nov. 4). Similarly, the percentage of attenuation of pollutants by
soils was calculated using the 1975 data. In this particular analysis,
the envelope used was defined by the groups of points from 1 to 8
installed in 1975 (Fig. 5). The maximum, minimum and average values
of the concentration of septic tank effluent test data obtained from
the 10 other sites were used for the calculations. Table 6 summarizes
the results of the percentages of attenuation for various pollutants.
4.1.3.2 Ground Water Velocity
 
Adjacent to site 1, there was an empty lot underlain by the
same sand deposit as at site 1. This area was used to measure the
velocity of the ground water by using a mixed solution of NaCl
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 TABLE
4 P
ERCEN
TAGLS
OF AT
TENUA
TION
OF PHO
SPHORU
S AND
NITROG
EN (S
ITE 1,
1974)
  
Percentag
e of Atte
nuation
PARAMETER Minimum
Proba
ble
Maxim
um
D...A_....
.-NA..___.
...,._.__.
__, <.VA\AA_._.
4..4AA A A die
A
2
8
Phosph
orus
6
Nitrogen
O
 
63
89
69
92
 2
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TABLE 5 AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 1, 1975)
NITROGEN (as N)
PHOSPHOPUS (as
P)
WELL TOTAL TOTALw CHLORIDE
POINT AMMONIA KJELDAHL NITRITE NITRATE NITROGEN TOTAL SOLUBLE (as Cl)
~N_. ._.s....,.._..._.._——...—b._—_.._...._—~. ....... -.._~_.—_ ..._.—___..4- ....._ “WW—.m—
 
< 0.01 0.41 0.02 4.36 4.79 [6]** 0.45 0.34 [7]+ 6 [7]++
< 0.01 0.34 0.02 0.21 0.57 [6] 0.03 0.02 [7] 3 [7]
0.46
0.50
0.15
61.80
62.45 [
6] 4.5
7
4.47 [7]
42 [7]
0.65 1.03 0.13 9.57 10.73 [6] 2.24 1.90 [7] 22 [7]
0.01 0.3
9 0.01
7.75 8.1
5 [6] 1.18
1.05 [7] 11
[7]
< 0.01 0.58 0.03 17.80 18.41 [6] 1.55 1.36 [7] 13 [7]
0.14 0.41 0.03 0.14 0.58 [6] 0.03 <0.01 [7] 9 [7]
< 0.01 0.44 0.03 18.30 18.77 [6] 2.43 1.80 [7] 17 [7]
< 0.01 0.42 0.06 14.00 14.48 [6] 1.77 1.70 [7] 13 [7]
0.07 0.3
8 0.05
14.70 15.
13 [6] 0.57
0.25 [7] 15
[7]
0.27 0.7
7 0.18
10.30 11.
25 [6] 0.72
0.62 [7]
[7]
0.11 0.41 0.32 0.23 0.96 [6] 0.14 0.13 [7] [7]
< 0.02
0.26
0.08
0.24
0.58 [6] 0.02
— [7]
[7]
0.33 0.74 0.22 3.20 4.16 [6] 1.08 1.00 [7] [7]
0.65 0.98 0.07 3.78 4.83 [6] 0.69 0.58 [7] [7]
0.01 0.38 0.02 14.40 14.80 [6] 1.17 0.81 [7] [7]
0.01 0.41 0.11 2.20 2.72 [6] 0.37 0.03 [7] [7]
0.01 0.32 0.01 2.20 2.53 [6] 0.02 0.02 [7] [7]
0.01 0.33 0.01 3.40 2.78 [6] 0.03 — [7] [7]
v
H
N
H
N
H
N
M
r
i
m
m
H
N
M
r
—
{
N
H
N
H
N
l
1
I
I
I
l
I
I
H
a
m
m
m
m
m
v
v
q
m
m
m
m
u
o
h
b
c
o
o
o
l
l
l
l
!
m
N
m
e
P
v
a
r
—
{
r
—
i
l
l
V
V
V
V
 
All concentrations in mg/L.
* Total Nitrogen = Total Kjeldahl + Nitrite + Nitrate. ** Number of samples for N.
+ Number of samples for P.
++ Number of samples for C1.
Sampling Dates: June 12, June 20, June 26, July 22, Aug. 22, Sept. 30, Nov. 4, 1975.
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TABLE 5 (Cont'd) AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 1, 1975)
_—~.—_~—~.______ ..__..—....«~—~.—~— ._ w“... .‘w ...,—<
WELL SODIUM POTASSIUM CALCIUM MAGNESIUN SULPHATE IRON TOTAL ORGANIC
POINT (as Na) (as K) (as Ca) (as Mg) (as 804) (as Fe) CARBON
[4]
l
6 [4]
3
26 1
6
7
1
0
8
1
2
8
88 13 42 0.17
.7 [4] 75[4] 8[4] 26 [4] 0.07 [3]
4
114 9
23 0.32
2
80 4 30 0.08
1 81 9 22 0.10
89 9 26 0.10
6 86 10 47 0.30
104 10 47 0.10
9 98 10 39 0.23
102 10 44 0.17
2 102 10 46 0.52
8 86 10 35 0.10
.7 72
13 45
0.10
9
8
1
3
5
6
0
L1
.0
.8
oH
H
(
V
r
i
m
r
4
0
4
M
r
4
O
J
M
e
ﬁ
o
d
m
r
4
o
a
H
C
V
r
4
N
I
I
I
w
i
H
C
V
o
u
m
r
ﬁ
o
3
v
<
r
q
*
m
L
D
U
\
©
\
o
r
~
P
~
m
<
n
i
90 39 0.10
90
47 0.20
75 30 0.15
85
36 0.18
55
17 0.43
68 27 0.10
O
0
O
O
I
O
O
O
I
O
I
I
2
1
5
7
5
6
3
7
6
6
6
1
1
4
4
3
3
1
1
@
h
h
b
m
o
x
o
o
m
h
m
o
x
o
o
o
h
x
o
u
o
o
o
m
o
o
O
N
O
N
C
N
C
B
L
O
K
D
o
c
v
m
n
m
o
o
o
o
m
m
  
NOTE: All concentrations in mg/L,
pH varied from 7.4 to 8.3
V
Alkalinity (as CaC03) varied from 43 to 228 mg/L.
Conductivity varied from 120 to 240 umhos/cm.
[ ] Number of samples.
 
TABLE 6 PERCENTAGE OF ATTENUATION OF POLLUTANTS
(SITE 1, 1975)
 
Percentage of Attenuation
  
Parameter
Minimum Probable Maximum
Phosphorus O 25 77
Nitrogen 0 0 71
Sulphate O 0 0
Sodium 25 77 92
Potassium 0 O 65
Magnesium O O 59
Iron 0 O 73
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e
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d
fl
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sc
ei
n.
Th
e
se
ep
ag
e
ve
lo
ci
ty
of
th
e
gr
ou
nd
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te
r
wa
s
ca
lc
ul
at
ed
us
in
g
the
ti
me
in
te
rv
al
fo
r
th
e
tr
ac
er
s
to
mo
ve
fr
om
the
in
je
ct
io
n
ho
le
to
th
e
in
te
rc
ep
ti
ng
ho
le
an
d
th
e
di
st
an
ce
be
tw
ee
n
these holes.
Fig
ure
8 i
llu
str
ate
s
the
con
fig
ura
tio
n
of
the
inj
ect
ion
hol
e
and the intercepting holes. The concentration of NaCl solution used
was
250
g/L
(40
00
gra
ms
in
16
lit
res
of
dis
til
led
wat
er)
and
the
con
—
cen
tra
tio
n o
f f
luo
res
cei
n w
as
25
g/L
(50
gra
ms
in
2 l
itr
es
of
dis
til
led
wat
er)
.
Aft
er
the
mix
ed
NaC
l a
nd
flu
ore
sce
in
sol
uti
on
was
pou
red
int
o
the
inj
ect
ion
hol
e,
sam
ple
s o
f g
rou
nd
wat
er
wer
e
tak
en
fro
m t
he
int
er—
cep
tin
g h
ole
s f
or
a p
eri
od
of
two
mon
ths
.
Tra
cer
s w
ere
det
ect
ed
onl
y
in
two
hol
es
(3
and
8).
Fig
ure
9 i
s a
plo
t o
f t
he
con
cen
tra
tio
n o
f
chlo
ride
in h
oles
3 an
d 8
vs e
laps
ed
time
.
The
time
(in
days
) w
hen
the
pea
k t
rac
er
con
cen
tra
tio
n o
ccu
rre
d i
n t
he
int
erc
ept
ing
hol
e
("t
ime
to
pea
k")
can
be
obt
ain
ed
fro
m t
he
gra
ph
(25
day
s).
It
is
inte
rest
ing
to n
ote
that
in b
oth
hole
s 3
and
8, t
he "
time
to p
eak"
was
the
same
.
Thi
s c
an
be
exp
lai
ned
by
the
phe
nom
eno
n t
hat
the
tra
cer
s
did
not
mov
e i
n t
he
gro
und
wat
er
sys
tem
in
a u
nif
orm
fro
nt
and
ins
tea
d
the
y m
ove
d i
n f
ing
er—
lik
e p
att
ern
s.
The
cal
cul
ati
ons
for
the
vel
oci
ty
(23.17 cm/day) are shown in Figure 8. NaCl and the fluorescein
trac
ers
both
gave
iden
tica
l gr
ound
wate
r ve
loci
ties
, wh
ich
was
prob
ably
due to the very low silt content (less than 5%) of the sandy soil at
32
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FIGURE 9 = CONCENTRATI 0
DATE
N OF CHIﬂ‘ORIDE IN HOLES 3 AND 8 VS. TIME
——# 
 the
sit
e.
Nor
mal
ly
the
flu
ore
sce
in
was
ver
y
lit
tle
ads
orb
ed
by
the
sand particles.
The
gro
und
wat
er
vel
oci
ty
was
als
o d
ete
rmi
ned
usi
ng
the
val
ues
of
the
lab
ora
tor
y p
erm
eab
ili
ty
and
por
osi
ty
of
the
sand
, a
nd
the
on—
sit
e h
ydr
aul
ic
gra
die
nt.
It
was
fou
nd
tha
t t
he
per
mea
bil
ity
was
1.5
x 1
0—2
cm/
s.
The
por
osi
ty
was
40%
and
the
hyd
rau
lic
gra
die
nt
was
abo
ut
1%.
The
cal
cul
ate
d s
eep
age
vel
oci
ty
was
33
cm/
day
(1
ft/
day
) w
hic
h w
as
rea
son
abl
y c
los
e t
o t
he
vel
oci
ty
(23
.17
cm/
day
) m
eas
ure
d
by the tracers.
4.1
.3.
3
Ext
rac
tab
le
Pho
sph
oru
s
(P)
Ana
lys
is
on
Soi
l S
amp
les
In
add
iti
on
to
the
stu
dy
of
the
gro
und
wat
er
sam
ple
s t
ake
n
fro
m t
he
wel
l p
oin
ts
loc
ate
d a
dja
cen
t t
o t
he
til
e f
iel
d,
soi
l s
amp
les
wer
e t
ake
n f
rom
and
on
the
dow
n—g
rad
ien
t
sid
e o
f t
he
til
e f
iel
d t
o
stu
dy
the
pho
sph
oru
s s
orp
tio
n b
y t
he
san
dy
soi
l.
Fig
ure
10
sho
ws
the
loc
ati
on
of
the
soi
l s
amp
lin
g p
oin
ts.
Two
or
thr
ee
soi
l s
amp
les
wer
e g
ene
ral
ly
tak
en
fro
m o
ne
hol
e w
ith
a h
and
aug
er.
In
the
lab
ora
tor
y,
the
pho
sph
oru
s s
orb
ed
by
the
soi
l w
as
ext
rac
ted
by
l M
sul
phu
ric
aci
d
and
the
amo
unt
of
pho
sph
oru
s e
xtr
act
ed
was
det
erm
ine
d (
Zar
net
t,l
975
).
The results of extractable P are summarized in Table 7 for soil samples
tak
en
at
dif
fer
ent
dep
ths
in
15
bor
eho
les
.
Fro
m t
he
ave
rag
e v
alu
es
of
the
ext
rac
tab
le
P f
or
dif
fer
ent
gro
ups
of
soi
l s
amp
les
, i
t w
as
observed that:
i) the soils at depths of 0.61 m to 0.76 m (2 to 2.5 ft) in the
tile field area had a slightly larger amount of extractable P than
soi
l s
amp
les
tak
en
fro
m o
the
r l
oca
lit
ies
, s
ugg
est
ing
tha
t t
he
pri
nci
ple
att
enu
ati
on
of
pho
sph
oru
s t
ook
pla
ce
wit
hin
the
til
e
field (Table 7).
ii) The soil at greater depths had smaller amounts of extractable P
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TABLE 7 AMOUNT OF ACID—EXTRACTABLE PHOSPHORUS (P) 0N SAND SAMPLES (SITE 1)
Soil Sampling
Depth Extrac
table Dept
h Extractabl
e Depth
Extractable
Location
(m) P*
(m) P
(m) P
G
T
E
I
ﬁ
H
i
l
l
H
G
I
S
N
I
3
7
102 0.76 0.31 1.37 0.19 - -
103 0
.76 0.23
1.37 0.2
5 —
-
104 0
.61 0.25
1.22 0.2
7 —
~
105 0.61 0.24 1.22 0.27 - -
106 0
.61 0.32
1.22 0.
17 -
-
107
0.76
0.27
1.37
0.16
1.98
0.09
108
0.76
0.31
1.22
0.32
1.83
0.25
112
0.76
0.27
1.37
0.32
1.83
0.20
near
(System
2)
Average
=
0_275
Average
=
0,244
Average
=
0.180
O
T
H
I
J
H
i
l
l
H
G
I
S
l
ﬂ
O
101 0
.76 0 20
109 0.76 0 19
110 0
.76 0 25
111
0.76
0.24
—
—
—
—
113
0.76 ‘ 0 25
114 0.76 0 24
115 0.76 0 19
Average =
0.223
Average =
0.227
Average =
0.175
* mg per g of air—dried soil
   
 th
an
th
e
so
il
at
sh
al
lo
we
r
de
pt
hs
.
iii)
on
the
dow
n—g
rad
ien
t s
ide
of
the
til
e f
iel
d a
nd
to
the
dep
th
of
1.3
7 m
(4.5
ft),
the
ave
rag
e e
xtr
act
abl
e P
was
0.2
25 m
g/g
.
Thi
s
amount may be considered as the P on the uncontaminated soil part—
icles. Inside the tile field, at a depth of 0.61 m — 0.76 m,
the amount of extractable P was 0.275 mg/g, which was slightly
above the P on the uncontaminated soil. The amount of P in the
septic tank effluent which had been sorbed by the soil below the
tile field was very small, considering the age (15 years as in
1974) of the system. The small amount of P which the soil could
sorb is supported by the relatively high concentration of P (as
high as 4.57 mg/L, Table 5) in the ground water on the down—
gradient side of the tile field.
4.1.4 Discussion of Results
At the time of the investigation, it was found that the soil
beneath and adjacent to the tile had sufficient infiltrative capacity
for the septic tank effluent because the sandy soil was very permeable
and the percolation time of the sand was less than 1 min/cm. No
ponding of the septic tank effluent in the tile field area was ever
observed during the time of the field studies.
The data in Tables 4 and 6 suggest a large variation in the
percentage of attenuation of pollutants by the sand soil and the
attenuation percentage values would probably be small. At some well
points, notably 2, 3 and 4, the concentrations of nitrate and phospho—
rus were veryhigh. This was probably the result of pollution from
"systems 1 and 2". The low attenuation of pollutants by the soil
could be attributed to two factors:
(i) the sand at the site contained less than 5% silt—sized
particles and no clay minerals and;
(ii) the systems were relag§vely old and the small capacity of the
 
 sand in attenuating pollutants might have been exhausted.
The concentrations of calcium and alkalinity in the ground
wate
r we
re q
uite
high
, p
roba
bly
beca
use
the
site
was
loca
ted
in a
limestone area.
At this site, the contamination of the ground water extended
to a depth of 1.2 m.to 1.5 m below the ground water table.
Referring to the bacteriological results in Table 8, the
coliform counts in well points 1 to 5 (about 20 m from system 1)
were very low indicating minimal bacteriological contamination from
the system. Points 6, 8, 11 and 15 occasionally showed higher counts
of Fecal Coliforms (FC) and total coliforms (TC) which could be the
result of slight contamination from "systems 1 and 2". In Table 9, the
total coliform counts on June 12 were higher than those obtained on
other sampling dates which was probably the result of infiltration
of surface runoff to the ground water system. In general, the bacteria
counts in the well points were low, which would suggest that the
bacteriological contamination from the tile field system was not
significant.
At a distance of about 17 m from "system 1" and 8 m from
"systems 2 and 3", the chemical quality of the ground water did not meet
the permissible criteria of nitrate and phosphorus as specified in
the Ontario Ministry of the Environment criteria for public surface
water supplies (see criteria in Appendix 2). However, the ground
water would meet the microbiological criteria set by the Ministry.
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 TABLE 9
BACTERIOL
OGICAL DA
TA ON GRO
UNDWATER
SAMPLES
( SITE 1,
1975)
May 15
May 28
June 5
Well
Point
FC *
TC *
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-
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-
<10
<10
<100
<10 —
-
— <1
0
10
— 1
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-
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-
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* FC Fecal Coliforms
* FS = Fecal Streptococci
TC Total Coliforms
Organisms per 100 ml water
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H
N
N
M
M
M
Q
Q
‘
G
M
M
W
O
G
N
N
O
O
O
O
 
1
0
10
10
10
10
10
<100
<100
<
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<
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 The concentrations of metals in the ground water were very
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l
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at
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n
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th
e
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wa
te
r
by metals from the septic tank.
4.2 Site 2
4.2.1 Site and System
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 TABLE 10 CONCEN
TRATION OF METALS
IN GROUNDWATER SA
MPLES TAKEN ON OC
TOBER 16, 1975 (S
ITE 1)
As (Hg/L)
Cadmium
As Cd*
Ch
ro
mi
um
as Cr
Cop
per
as Cu
Lead
as Pb
Mercury
Hg
(Hg
/L)
Nic
kel
as
Ni
Selenium
as Se
H
H
M
M
H
H
M
N
N
N
H
H
H
M
Q
‘
H
I
—
i
V
V
V
l
l
l
l
l
l
l
l
l
l
i
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l
l
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4
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H
N
H
N
H
N
r
—
I
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H
N
H
N
H
N
H
N
H
H
N
N
M
M
Q
‘
Q
‘
Q
‘
W
M
O
O
N
N
O
O
O
O
V
V
<
0
.
0
0
1
<0.001
<0.
001
<0
.0
01
<0.
001
<0
.0
01
<0.001
<0.
001
<0.001
<0.001
<0.
001
<
0
.
0
0
1
<0.001
<
0
.
0
0
1
<0
.0
01
<
0
.
0
0
1
<0
.0
01
<0.002
<0.
002
<0.
002
<0.
002
<0.
002
<0
.0
02
<0
.0
02
<0.
002
<0.
002
0.0
12
<0
.0
02
<
0
.
0
0
2
<0
.0
02
<0
.0
02
<
0
.
0
0
2
<
0
.
0
0
2
<
0
.
0
0
2
0.150
0.094
0.041
0.065
0.5
60
0.008
0.1
40
0.1
10
0.0
09
0.1
20
0.005
0.1
30
0.110
0.160
0.130
0
.
1
9
0
0.
44
0
<0.002
<0.002
<0.
002
<0
.0
02
<0.
002
<0
.0
02
<0
.0
02
<0.
002
<0.
002
<0.
002
<0.
002
<0
.0
02
0.003
<0
.0
02
<0.
002
<0
.0
02
<0.
002
<0.03
0.10
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<0.03
<
0
.
0
0
2
<0
.0
02
<0.
002
<0
.0
02
<0.
002
<0.
002
<0
.0
02
<0
.0
02
<0.
002
<0.
002
<0.
002
<0.
002
<0.
002
<0.
002
<0.
002
<0
.0
02
<0.
002
<0.
001
<
0
.
0
0
1
0.0
01
0.0
01
<0.
001
<0.
001
<0.
001
0.0
01
0.0
01
<0
.0
01
<0.
001
<0
.0
01
<0
.0
01
<0.
001
<0.
001
<0.
001
<0.
001
 
All concentration in mg/L unless indicated otherwise.
 
  
4
5
Approx!
HO
US
E
PAT
IO
 
mate Location of
Neighbour's Tile Field
PRO
P-E
RTY
L-I
NE
I
O
0
_
_
_
_
_
_
_
.
_
_
_
_
_
_
_
_
_
1
.
.
.
.
—
_
.
_
—
_
_
_
_
—
—
_
—
—
—
1
02
0|
PROP
ERTY
LINE
.26
9 n
ame
:
I0
20
so
FE
ET
O
O
25
O
LE
GE
ND
WE
LL
PO
IN
TS
RE
MO
VE
D
JU
LY
I5
I9
75
.
 
.I9
NO
TT
AW
AS
AG
A
BA
Y
.20 (Approximate 20mI
2|
22
WEL
L P
OIN
TS
USE
D A
FTE
R J
ULY
I5 l
975.
FIG
URE
II = LOCATIONS OF WELL POINTS AND LAYOUT OF SYSTEM (SITE 2)
   
 *
**
 
T
A
B
L
E
11
W
E
L
L
P
O
I
N
T
E
L
E
V
A
T
I
O
N
S
(SITE
2)
ELEVATION (m) *
WELL
GROUND
WATER
TABLE
SET
OF
PERFORATIONS
POINT SURFACE 75—OTJA
1
29.97
28.20
28.09
2
29.95
28.17
27.05
3
29.89
28.19
28.06
4
29.85
28.13
26.96
5
29.32
28.23
28.10
6
29.88
28.13
27.16
7
29.83
28.10
27.24
8
29.90
28.18
28.02
9
29.97
28.17
28.09
10
29.91
28.14
27.02
11
30.01
28.19
28.13
12
29.74
28.19
26.84
13
29.82
28.12
27.53
14
29.93
—
8*
27.65
15
29.04
27.82
26.45
16
29.04
27.82
27.16
17
28.91
27.80
26.02
18
28.89
27.82
27.01
19
28.93
—
26.64
20
28.92
26.63
26.63
21
29.09
27.77
27.21
22
29.11
27.81
26.21
23
29.18
27.86
27.30
24
29.33
-
26.44
25
30.02
_
27.74
26
29.78
_
27.49
27
29.97
_
27.68
28
30.22
_
28.37
B
e
n
c
h
m
a
r
k
e
l
e
v
a
t
i
o
n
a
s
s
u
m
e
d
e
q
u
a
l
t
o
3
0
.
4
8
m
(
1
0
0
f
t
)
.
Water
Table
reading
not
available.
46
 
.q.-.__--------------IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIlIlllllIlllllllllllllllllllll‘
In June 1975, new well points were installed outside the
perimeter
of the
property
and ground water
samples were
obtainedon
six separate occasions in 1975 and 1976 (June 26, July 8 and 14,
Sept 9 and 30, in 1975 and Oct. 26, 1976).
4.2.3 Experimental Results and Analysis
4.2.3.1 Percentage Attenuation of Pollutants
The average chemical test results on the ground water samples
obtained during June and July of 1975 are summarized in Table 12.
The average chemical test data for the period from July 1975 to Oct-
ober 1976 are presented in Table 13.
The methods as discussed previously (Sections 3.1 & 3.2)
were used to compute the percentage of attenuation for a number of
pollutants.
The envelope used was approximately parallel to the
tiles and passed through well points 1 to 11 (Figure 11). In the
attenuation analysis, the concentrations of the pollutants in the
septic tank effluent were required; however, the information for
this site was unavailable because permission to take samples from
 
the septic tank could not be obtained.
Therefore, the average
septic tank effluent data obtained from 10 other sites (see Appendix
1) were used in the calculations.
As in the case of site 1 because
of the uncertainty in the applicability of these septic tank ef—
fluent data to this site, the average, minimum and maximum concen-
trations of the pollutants in the data set were used in the analysis
by the first method.
In the analySis using the second method,
it
was assumed that:
(a)
the seepage velocity of ground water was equal to
23 cm/d (0.75 ft/day). This velocity was measured on
47
 
 TABLE 12
AVERAGE C
HEMICAL D
ATA ON GR
OUNDWATER
SAMPLES
(SITE 2,
JUNE to J
ULY 1975)
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TABLE 13
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES
(SITE 2, JULY 1975 to OCTOBER 1976)
 
NITROGEN (as N)
PHOSPHORUS (as P)
WELL
TOTAL
TOTAL
CHLORIDE
POINT
AMMONIA
KJELDAHL
NITRITE
NITFATE
NITROGEN
TOTAL
SOLUBLE
(as C1)
12 [6]
0.15
0.42
13
[6]
0.24
0.41
14
[2]
0.05
0.33
15
[6]
0.21
0.47
16
[6]
0.17
0.41
0.02
0.02
0.46
<0.01
<0.02
2
0.02
0.01
0.43
<0.01
<0.02
9
0.02
0.02
0.37
0.01
(0.02
56
0.02
0.03
0.52
0.01
<0.02
4
0.02
0.13
0.56
0.01
<0.02
41
17 [6]
0.22
0.57
0.02
0.07
0.66
0.01
(0.02
8
18 [6]
0.20
0.58‘
0.02
5.61
6.21
0.03
<0.02
35
19 [2]
< 0.01
0.44
0.06
7.26
7.86
0.22
0.16
42
20 [2]
0.03
0.39
0.14
10.06
10.59
0.13
0.10
38
21 [6]
0.35
0.52
< 0.02
1.21
1.75
0.02
<0.02
15
22 [6]
0.26
0.69
0.05
0.16
0.90
0.02
<0.02
1
23 [6]
0.41
0.97
< 0.02
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6
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0
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9
2
5
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2
20
3
0
3
8
4
5
2
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25
0.
10
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0
1
0
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9
1
2
6
6
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1
0
1
1
1
0
7
1
0
7
1
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T
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pH
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/c
m.
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(a
s
Ca
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0 t
o
40
0
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/L
.
Sampling
Dates: Ju
ne 26, Ju
ly 8, 14;
Sept. 9,
30 in 197
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. 26 in
1976.
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e
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of the pollutant concentrations in the septic tank
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t
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e
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e
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.
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re
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ra
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cap
aci
ty
of
the
san
d
at
sit
e
2,
and
thi
s
is
in
agr
eem
ent
wit
h
the
tes
t
res
ult
s
of
the
amo
unt
of
P
in
the
gro
und
wat
er
sam
ple
s
at
sit
es
1 and 2.
4.2.4 Discussion of Results
At
sit
e
2,
eve
n
tho
ugh
the
til
e
fie
ld
was
con
str
uct
ed
in
the
sam
e u
nif
orm
fin
e t
o m
edi
um
san
d a
s i
n s
ite
1,
the
att
enu
ati
on
of
pol
lut
ant
s b
y t
he
soi
l w
as
muc
h b
ett
er
tha
n t
hat
at
sit
e 1
.
The
dif
—
fer
enc
es
in
the
att
enu
ati
on
of
pol
lut
ant
s a
t s
ite
s 1
and
2 a
re
mai
nly
att
rib
ute
d t
o t
he
you
nge
r a
ge
of
the
til
e f
iel
d a
t s
ite
2 i
n c
omp
ari
son
wit
h t
he
sys
tem
at
sit
e 1
(i.
e.
soi
ls
adj
ace
nt
to
til
e f
iel
d a
t s
ite
1
wer
e u
sed
for
sor
pti
on
of
pol
lut
ant
s f
or
a l
ong
er
per
iod
of
tim
e).
As at site 1, the bacterial contamination at site 2 was not
sig
nif
ica
nt
as
ind
ica
ted
by
the
ver
y l
ow
cou
nts
of
ind
ica
tor
bac
ter
ia
in
the
gro
und
wat
er
sam
ple
s t
ake
n f
rom
wel
l p
oin
ts
loc
ate
d n
ot
mor
e
than 5 m from the edge of the tile field (see Table 15).
A number of observations regarding the chemical quality of
the
gro
und
wat
er
on
the
dow
n—g
rad
ien
t s
ide
of
the
til
e f
iel
d a
re
presented as follows:
(i) The concentration of phosphorus in the ground water on
the down—gradient side was very low in comparison with
the concentration of phosphorus in the septic tank
effluent.
(ii) nitrogen in the grOund water was mainly present in the
form of nitrate. With the exceptions of points 1 and
20, the concentration of nitrate in the other well points
did not exceed 10 mg/L.
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 TABLE 15 BACTERIOLOGICAL DATA ON GROUNDWATER SAMPLES (SITE 2, JUNE to JULY 1975)
 
WELL
WELL
POINT May 28 June 5 June 12 June 20 July 8
POINT May 28 June 5 June 12 June 20 July 8
10
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<10
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10 <10 <10 <100
10 <10 <10 < 10
10 <10 <10 10
10 <10 <10 10
—
—
— <10 10
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V
V
V
V
V
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<10
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V
V
V
V
V
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V
V
V
V
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M
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D
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O
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V
V
V
H
H
V
V
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i
H
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Q
’
W
Q
N
W
O
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O
‘
I
:
  
5
5
TOTAL COLIFORMS*
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POINT
MAy 28
June 5 June 12 June 20 July 8
—
— <10 <10 < 10
—
— <10 <l,000 <100
-
- <10 <10 < 10 _
—
—
<10 <1,000
10
* Organisms per 100 ml water
—
- <10
<10 < 10
—
500
< 10
—
—
<10
90 <100
-
—
<10
<10
< 10
—
—
20
<10
< 10
-
—
<10
<10
< 10
-
—
—
<10
< 10
I
|
H
N
M
Q
M
O
N
®
<
$
S
H
H
FECAL
STREPTOCOCCUS*
  
  
(iii) the contamination from the tile field to the ground water I
was mainly limited to a depth of about 1.5 m (5 ft) below
the water table.
(iv) the concentration of calcium in the ground water wasquite
high which was presumably due to the site being located in
a limestone bedrock area. The input of calcium from the
tile field would not be significant in the degradation of
the quality of the ground water because the calcium con-
centrations in the septic tank effluent and in the ground
water were similar.
At the time of the field investigation, no ponding of septic
tank effluent was observed above the tile trenches. This was pro—
bably attributed to (a) the hydraulic loading rate in the tile field
was quite low [9.8 L/mz/d (0.2 gal/sq.ft/day)]; and (b) the relatively
high infiltrative capacity of the sandy soil. 1
With regard to the quality of the ground water on the down—
gradient side of the tile field, the ground water met the water
quality criteria for public surface water supplies, with the exception
that at certain localized zones the concentration of nitrate exceeded
the allowable 10 mg/L limit.
It is concluded that the tile field system at site 2 was
operating quite satisfactorily at the time of the field investigation.
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 4.3 Site 3
4.3.1 Site and System
 
Situated on the north shore of Bass Lake and approximately
8 km from Orillia, this site was in an area densely populated with
year round and seasonal residences.
The site was underlain by a 3 m thick layer of fine sand
3
= 0.08 mm, D = 0.17 mm, cu = 2.1, permeability = 7 x 10'
(D10 60
cm/sec) covered by about 15 cm of organic top soil. Below the fine
sand there was a layer of relatively impermeable clayey silt, the thick-
ness of which was not determined in the field investigation. The
topography of the ground at the site was flat, with a very gentle
slope towards Bass Lake which was 12 m from the tile field. The
water table fluctuated over the period of study from 1 to 1.5 m
below the ground surface and the ground water flow was towards the
 
lake.
The private waste disposal system on the site (Figure 13)
was constructed in 1964 and served two adults living year round in
a two—bedroom house. The septic tank had a capacity of 3410 L (750
gal) and was attachedto 73 m of clay tiles arranged in four rows.
The spacing between the tiles was 1.2 m and the depth of the tiles
was 0.25 m below the ground surface.
4.3.2 Instrumentation and Monitoring
In June of 1975 ground water well points Were installed in
and around the tile field area (Figure 13). These points varied from
2.5 to 5 cm in diameter and from 1.2 to 3 m in length. In July of
 
1976 additional sampling points were installed on the up-gradient side
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TABLE 16 WELL POINT ELEVATIONS (SITE 3)
ELEVATION (m) *
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.3
0
28
.1
3
5
30
.2
3
29
.2
0
28
.3
2
6
30
.2
9
29
.2
1
28
.9
2
7
30
.4
1
29
.1
9
29
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.4
9
20
30
.0
2
29
.2
2
28
.1
7
21 29.96 29.20 26.91
22
30
.0
7
29
.1
5
20
,2
7
23
29
.7
0
20
.0
6
28
.6
3
’1
4
29
.7
0
29
.0
.6
27
,2
11
25
29
.7
1
29
,0
9
7R
.6
7
W.
29
,7
4
29
,0
6
27
.8
.6
27
29
.7
9
29
.6
2
27
.9
4
>8
29
.7
9
29
.0
5
28
.7
1
* Bench mark elevation assumed equal to 30.48 (100 ft).
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TABLE 16 (Cont'd) WELL POINT ELEVATIONS (SITE 3)
 
_— __...
ELEVATION (m)*
WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT SURFACE 76—094m LEVEL 1—uLEVEL 2 LEVEL-3
A 30.46 29.56 28.39
B 30.41 29.55 28.17
C 30.33 29.54 28.25
D 30.26 29.48 29.20 28.25 27.79
E 30.17 29.47 29.27 28.36 27.92
F 30.11 29.42 28.35 27.51
G 29.82 29.33 28.96 28.46 27.84
H 30.06 29.54 28.84 28.47 28.00
I 30.22 29.36 28.60 27.42
J 30.38 29.69 28.97 28.47
* Bench mark elevation assumed equal to 30.48 m (100 ft).
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TABLE 17 AVERAGE CHEMICAL DATA ON SEPTIC TANK EFFLUENT
SAMPLES (SITE 3)
 
Parameter Average Concentration (mg/L)
Nitrogen (as N)
Ammonia 38
Total Kjeldahl 55
Nitrite 0.04 .
Nitrate < 0.1 L
Phosphorus (as P)
Total 7.7
Soluble 4.6
Chloride (as C1) 78 4
Sodium (as Na) 68
Potassium (as K) 25 E
Magnesium (as Mg) 20 §
Iron (as Fe) 0.51 i
Calcium (as Ca) 75
Sulphate (as 504) 32
Hardness (as CaCO3) 270
Alkalinity (as CaC03) 433
Total Carbon 204
Total Organic Carbon 93
Conductivity varied from 800 to 1150 umhos/cm and pH
varied from 7.3 to 7.8.
Sampling Dates:
July
20,
22,
23,
24,
25,
26,27,
28,
29
in 1976.
Number of samples = 9.
62
 
 TABLE 18 CONCENTRATION OF METALS IN SEPTIC
TANK EFFLUENT (SITE 3)*
Parameter Concentration (mg/L)
9
Zinc
0.08
Copper 0.18
Nickel 0.01
Lead 0.03
:
Cadmium
< 0.01
£
Chromium
0.02’
E
Manganese
0.04
i
Arsenic
0.002
Selenium < 0.001
* Only one grab sample was obtained from the septic
tank.
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TABLE 19
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 3, 1975)
WELL
POINT
NITROGEN (as N)
PHOSPHOR
US (as
P)
AMMONIA
TOTAL
KJELDAHL
NITRITE
NITPATE
TOTAL
NITROGEN
TOT
AL
SO
LU
BL
E
CHLORIDE
(as Cl)
c
h
n
w
v
‘
m
\
o
r
~
a
>
o
.
V
0.01
0.01
0.10
0.10
0.01
0.10
0.10
32.
00
0.20
0.11
0.10
0.11
0.20
0.11
0.15
0.27
0.07
0.38
0.43
0.38
0.12
0.10
1.
60
0.10
2.10
0.10
0.10
0.61
0.27
0.78
0.46
0.45
0.58
0.49
0.
68
34
.00
0.95
0.
55
0.33
7.
40
0.46
0.
49
0.64
0.
56
0.40
0.98
1.02
0.70
0.23
0.48
2.
14
0.47
3.
77
0.47
0.37
1.
13
0.01
0.01
0.03
0.01
0.06
0.06
0.06
0.03
0.06
0.
04
0.05
0.06
0.
14
0.10
0.
12
0.12
0.01
0.05
0.03
0.07
0.03
0.03
0.15
0.05
0.45
0.06
0.02
0.
06
2.49
0.20
0.47
2.70
11.
06
3.
03
7.62
0.26
1.86
2.20
0.23
0.
34
2.
64
5.86
5.85
2.83
0.37
11.81
4.60
11.50
0.23
5.
86
4.59
0.71
2.06
1.43
0.57
1.
07
2.77 [7]
0.99
0.96
3.
16
11.70
3.
58
8.36
3
4
.
2
9
2.87
2.79
0.61
7.80
3
.
2
4
6.45
6.61
3.51
0.
78
12.
80
5.65
12.30
0.49
6.
37
6.88
1.23
6.28
1.96
0.96
1.26
0.
02
0.
14
0.03
0.
02
0.01
0.
04
0.
02
0.
02
0.
02
0.
01
0.02
0.
02
0.
02
0.02
0.
02
0.01
0.
02
0.
02
0.05
0.05
0.
02
0.
02
0.01
0.01
0.
07
0.
02
0.
02
0.
02
<0.01
[7]
<0.01
<0.01
<0.01
<0.01
0.
02
<0.01
<0.01
<0.01
<o.01
<0.01
<0.01
<o.01
<0.01
<0.01
<o.01
<o.01
<o.01
0
.
0
2
<0.01
<0.01
<o.01
<o.01
<0.01
0.03
<o.01
<0.01
<o.01
I 1
Number
of
Samples
same
for
all well
points
Sampling Dates: July 3, 15, 21; Aug. 11, Sept. 3, Oct. 7, 27 in 1975.
  
TABLE
19
(Cont'd)
AVERAGE
CHEMICAL
DATA
ON
GROUNDWATER
SAMPLES
(SITE
3,
1975)
 
WELL
SODIUM
POTASSIUM
CALCIUM
MAGNESIUM
SULPHATE
IRON
TOTAL
ORGANIC
POINT
(as
Na)
(as
K)
(as
Ca)
(as
Mg)
(as
804)
(as
Fe)
CARBON
 
6
5
 
59
[6]
20.5[6]
370[6]
15[6]
27
[6]
0.09
[6]
8
[6]
15
24.7
118
18
23
1.03
114
13
15.8
77
13
28
0.13
8
36
11.0
103
28
0.08
8
23
6.7
82
24
0.11
11
27
7
1
79
24
0.10
9
23
10
8
74
22
0.09
13
64
25
4
74
23
0.30
24
22
29.0
82
23
0.31
13
11 2
3
8
3
2
r
-
(
A
v
a
W
K
O
P
w
O
N
22
81
20
0.29
14
15
58
22
0.20
6
35
1
77
16
0.40
19
27
10.1
94
23
0.08
7
24
12.7
87
23
0.16
9
22
14.3
76
26
0.07
10
20
14.6
93
23
0.22
9
14
4.0
49
20
0.26
6
10
11.9
93
25
1.00
11
22
15.4
80
23
0.09
6
16
86
29
0.08
4
12
42
16
0.17
9
5
38
16
0.14
11
‘12
‘77
21
0.05
7
15
85
21
0.05
36
12
70
18
0.37
11
9
86
23
,
0.31
7
7
82
22
0.08
24
14
96
19
0.15
13
P
~
u
>
v
>
m
w
n
¢
u
>
m
>
c
>
c
>
m
>
a
>
o
\
m
m
w
<
3
0
4
r
4
H
H
O
H
N
M
Q
‘
W
k
D
K
‘
m
O
N
O
H
H
H
H
H
H
H
H
H
H
N
H
N
r
\
<
*
"
V
u
w
\
b
H
N
m
o
w
w
m
t
h
C
.
.
.
O
\
W
‘
W
V
M
1
~
(
G
\
<
‘
O
I
P
~
P
4
~
4
N
H
v
a
m
N
N
N
N
\
0
\
D
O
"
P
i
n
-
'
4
\
D
F
C
D
N
N
N
(
I
)
NOTE:
All
concentrations
in
mg/L.
pH
varied
from
6.5
to
8.3.
Conductivity
varied
from
225
to
2770
Umho/cm
Alkalinity
(as
CaC03)
varied
from
50
to
350
m
g
ﬂ
h
[
]
Number
of
samples
Same
for
all
well
points
  
—v
'
—‘
In
19
76
,
fo
ur
se
ts
of
gr
ou
nd
wa
te
r
sa
mp
le
s
we
re
co
ll
ec
te
d
an
d
an
al
ys
ed
.
Th
e r
es
ul
ts
of
th
es
e
fo
ur
se
ts
of
sa
mp
le
s
va
ri
ed
si
g-
ni
fi
ca
nt
ly
an
d
it
wa
s
no
t
to
o
me
an
in
gf
ul
to
av
er
ag
e
th
e
da
ta
.
As
an
,
ex
am
pl
e
of
th
e
da
ta
ob
ta
in
ed
,
th
e
Se
pt
.
27
,
19
76
te
st
re
su
lt
s
ar
e
pr
es
en
te
d
in
Ta
bl
e
20
.
Th
e
pe
rc
en
ta
ge
s
of
at
te
nu
at
io
n
of
po
ll
ut
an
ts
I
we
re
ca
lc
ul
at
ed
us
in
g
th
e
fo
ur
in
di
vi
du
al
se
ts
of
da
ta
.
Th
e
en
ve
lo
pe
pa
ss
in
g
th
ro
ug
h
po
in
ts
11
,
14
,
15
,
16
,
20
an
d
22
wa
s
us
ed
fo
r
at
te
nu
at
io
n
an
al
ys
is
an
d
th
e
in
di
vi
du
al
po
in
ts
D,
E,
F,
G,
H,
I,
an
d
J
we
re
tr
ea
te
d
in
di
vi
du
al
ly
in
th
e
co
mp
ut
at
io
ns
.
Ta
bl
e
21
su
mm
ar
iz
es
th
e
pe
rc
en
ta
ge
s
of
at
te
nu
at
io
n
of
di
ff
er
en
t
po
ll
ut
an
ts
fo
r
th
e
va
ri
ou
s
ca
se
s.
4.3.4 Discussion of Results
 
The attenuation of phosphorus by the sandy soil was excellent
(97
to 9
9%).
This
was
supp
orte
d by
the
phos
phor
us s
orpt
ion
isot
herm
tests (Zarnett, 1975) on the soil samples obtained adjacent to the
tile
tiel
d.
It w
as f
ound
that
the
maxi
mum
soil
sorp
tion
capa
city
for
phosphorus was 22.2 mg per 100 g of air—dried soil.
The attenuation of nitrogen was also very high (27 to 87
Z); however, the average attenuation of sodium, iron, potassium,
magnesium and sulphate was low ( O to 73%). The concentration of
calcium in the ground water in the tile field area was similar to
that in the septic tank effluent and therefore, the input of calcium
from the effluent had little significance on the concentration of
calcium in the ground water.
The concentration of chloride in the ground water on the
up-gradient side of the tile field was very high in 1975. This was
66
  
 6
7
TABLE 20
 
CHEMICAL DATA ON GROUNDWATER SAMPLES TAKEN ON SEPTEMBER 27, 1976 (SITE 3)
WELL
POINT
NITROGEN (as N)
PHOSPHOR
US (as
P)
AMM
ONI
A
TOTAL
KJEL
DAHL
NITRITE NIT
FAT
E
TOTAL
NITR
OGEN
CHLO
RIDE
TOTAL
SOLUBLE
(as C1)
10
1
1
1
2
13
1
4
1
5
16
17
19
20
2
1
22
2
3
2
4
2
5
26
27
28
< 0.01
0.01
0.02
22.00
0.04
0.
34
0.
60
0.
27
0.02
0.02
0.02
1.
80
8.40
0.
40
0.30
0.
04
0.02
0.02
0.
40
0.
39
0.17
28.
00
0.25
0.
44
1.5
0'
0.
90
0.
35
0.
32
0.
44
2.75
1.
40
11.
10
0.
86
1.01
0.
67
0.
14
0.
59
V
V
V
V
V
V
\
/
0.01
0.
01
0.01
0.01
0.01
0.
01
0.
02
0.03
0.01
0.
01
0.
01
0.
02
0.05
0.
48
0.01
0.07
0.01
0.01
0.
11
  
TABLE 20-(C0nt'd)
 
WELL SODIUM POTASSIUM CAICIUM MAGNESIUM SULPHATE IRON TOTAI ORGANIC
POINT (as Na) (as K) (as Ca) (as Mg) (as $04) (as Fe) CARBON
5
22
10 18
11
ll
12 56
57 6
20 0.05
10
64 4
25 0.05
11
69 21 24 < 0.05 5
98 12
20 1.30
36
13 53 85 7 24 0.05 6
14 27
88 4 28 0.05 7
15 37 21.0 131 15 80 < 0.05 18
16 28 98 10 35 0.05 14
17 13
~ - 23 0.10 13
19 11
72 6 17 < 0.05 6
20 2
75 2 12 < 0.05 6
21
12
38
15
18
0.05
8
22
3
-
—
15
~
23 27
75 11 28 0.05 17
24 25
99 17 24 < 0.05 6
25 22
107 9 38 0.05 15
26
12
70
9
19
0.05
15
27 7
66 18 22 0.05 2
28 17
66 4 26 < 0.05 10
V
V
C
N
O
V
‘
C
O
O
O
.
L
D
M
V
‘
O
N
m
H
V
C
C
r
-
l
H
V
K
O
r
—
l
N
O
O
‘
O
N
G
M
O
C
O
C
L
‘
K
O
V
6
8
V
‘
'
0
'
L
n
r
—
i
O
O
L
n
L
ﬂ
w
L
ﬂ
r
-
i
v
a
v
—
i
r
—
i
v
—
i
 
 
TABLE 20 (Cont'd)
 
 
NITROGEN
(as N)
PHOSPPOR
US (as
P)
WELL
TOTAL
TCTAI —
‘. CHIC
RIDF
POINT
AMMONIA
KJELCAPL
NITPITE
NITRATE
NITROGEN
TOTAL
SOLUBLE
(as Cl)
6
9
 
K
Z
C
Q
U
I
I
I
I
I
I
H
r
u
w
u
H
c
V
a
n
c
v
F
4
N
.
4
0
q
m
r
4
r
q
m
I
Q
D
D
m
m
m
m
m
U
U
m
m
m
r
-
‘
h
h
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TABL
E 20
(Con
t'd)
WE
LL
SO
DI
UM
PO
TA
SS
IU
M
CA
LC
IU
M
MA
GN
ES
IU
M
SU
LP
HA
TE
IR
ON
TO
TA
L
OR
GA
NI
C
PO
IN
T
(as
Na)
(as
K)
(as
Ca)
(as
Mg)
(as
80
4)
(as
Fe
)
CA
RB
ON
61
6.
1
93
7
21
0.
05
16
100
13.
0
122
11
27
0.0
5
7
180
12.
0
110
11
27
0.1
0
11
58
18
.0
82
12
29
0.
05
10
100
12.
0
105
7
35
0.0
5
12
40
13.
0
82
9
38
0.0
5
18
34
13
.0
80
8
39
0.
10
15
29
16.
0
106
12
44
0.0
5
16
33
16.
0
101
11
44
0.2
0
12
67
20.
0
160
22
120
0.1
0
18
60
21.
0
142
17
42
0.1
5
2
62
20
.0
109
13
55
0.
10
30
67
34
.0
13
3
17
27
0.
20
40
1.
6
64
18
0.
15
15
73
14
0.
45
12
59
11
0.
15
38
13
0.
45
73
29
0.
05
35
12
0.
05
,
_
q
Q
C
O
U
I
I
I
I
I
I
3
N
M
H
N
M
H
N
H
N
ﬁ
N
M
r
—
l
r
-
(
N
I
D
I
:
C
3
m
:
a
a
:
&
.
m
(
3
L
9
m
t
r
q
u
r
3
b
@
Q
‘
M
M
K
D
N
1
4
6
3
0
1
C
O
O
‘
m
g
o
N
O
O
O
H
l
u
>
w
u
o
\
v
'
m
F
i
O
J
O
J
 
 
NOT
E:
All
con
cen
tra
tio
ns
in
mg/
L.
Con
duc
tiv
ity
var
ied
fro
m 2
00
to
140
0
umh
o/c
m.
pH
var
ied
fro
m 7
.2
to
8.2
Alk
ali
nit
y
(as
CaC
O3)
var
ied
fro
m 6
0
to
530
mg/
L.
 
 
     
pr
ob
ab
ly
du
e
to
th
e
ap
pl
ic
at
io
n
of
a
we
ed
ki
ll
er
—f
er
ti
li
ze
r
so
lu
ti
on
on
th
e
la
wn
ne
ar
we
ll
po
in
t
1
in
Ju
ne
of
19
75
.
It
wa
s
es
ti
ma
te
d
th
at
th
e
in
pu
t
of
ch
lo
ri
de
to
th
e
gr
ou
nd
wa
te
r
sy
st
em
ne
ar
po
in
t
1
wo
ul
d
re
qu
ir
e
ap
pr
ox
im
at
el
y
si
x
mo
nt
hs
to
re
ac
h
we
ll
po
in
ts
11
to
22
.
Th
e
gr
ou
nd
wa
te
r
ve
lo
ci
ty
wa
s
es
ti
ma
te
d
to
be
12
cm
/d
to
15
cm
/d
(0
.4
ft
/
da
y
to
0.
5
ft
/d
ay
)
on
th
e
ba
si
s
of
th
e
mo
ve
me
nt
of
ch
lo
ri
de
fr
om
po
in
t
1
to
po
in
ts
2,
3
an
d
4.
Th
er
ef
or
e,
it
is
be
li
ev
ed
th
at
th
e
ad
d-
it
io
na
l
in
pu
t
of
ch
lo
ri
de
fr
om
th
e
fe
rt
il
iz
er
in
19
75
wo
ul
d
no
t
si
gn
if
ic
an
tl
y
af
fe
ct
th
e
co
nc
en
tr
at
io
n
of
ch
lo
ri
de
in
th
e
gr
ou
nd
wa
te
r
ne
ar
we
ll
po
in
ts
11
to
22
in
th
e
pe
ri
od
fr
om
Ju
ly
to
Oc
to
be
r
19
75
.
Ne
ve
rt
he
le
ss
,
in
th
e
co
mp
ut
at
io
ns
of
th
e
at
te
nu
at
io
ns
of
po
ll
ut
an
ts
us
in
g
th
e
av
er
ag
e
da
ta
ob
ta
in
ed
in
19
75
,
th
e
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
n
of
ch
lo
ri
de
wa
s
as
su
me
d
to
be
10
an
d
20
mg
/L
.
Ac
co
rd
in
g
to
th
e
re
su
lt
s
in
Ta
bl
e
21
,
a
hi
gh
er
ba
ck
gr
ou
nd
ch
lo
ri
de
co
nc
en
tr
at
io
n
wo
ul
d
gi
ve
a
lo
we
r
pe
rc
en
ta
ge
of
po
ll
ut
an
t
at
te
nu
at
io
n.
Ho
we
ve
r,
th
e
di
ff
er
en
ce
in
the
com
put
ed
res
ult
s
is
not
sig
nif
ica
nt.
Th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
so
me
ar
ea
s
im
me
di
at
el
y
ad
-
ja
ce
nt
to
th
e
ti
le
fi
el
d
(w
el
l
po
in
ts
5,
15,
18,
20,
E,
F)
wa
s
mo
re
th
an
10
mg
/L
.
Ho
we
ve
r,
wi
th
di
lu
ti
on
,
th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
be
ca
me
mu
ch
le
ss
th
an
10
mg
/L
at
a
di
st
an
ce
of
9
m
on
th
e
do
wn
—g
ra
di
en
t
side of the tile field.
Re
fe
rr
in
g
to
th
e
ba
ct
er
io
lo
gi
ca
l
da
ta
in
Ta
bl
e
22
,
in
ma
ny
we
ll
po
in
ts
lo
ca
te
d
in
th
e
im
me
di
at
e
pr
ox
im
it
y
of
th
e
ti
le
fi
el
d,
th
e
in
di
ca
to
r
ba
ct
er
ia
co
un
ts
in
th
e
gr
ou
nd
wa
te
r
we
re
qu
it
e
hi
gh
.
At
th
e
en
d
of
th
e
ti
le
fi
el
d,
th
e
gr
ou
nd
wa
te
r
in
we
ll
po
in
ts
11
to
13
(F
ig
ur
e
13)
sh
ow
ed
hi
gh
er
co
un
ts
of
ba
ct
er
ia
th
an
th
os
e
in
we
ll
po
in
ts
14
to
21.
Th
is
wo
ul
d
su
gg
es
t
th
at
a
la
rg
e
po
rt
io
n
of
th
e
se
pt
ic
ta
nk
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 TABLE 21
PERCENTAG
E OF ATTE
NUATION 0
F POLLUTA
NTS (SITE
3)
Parameter Percentage of Attenuation
7
2
 
Phosphorus 99 99 99 97 98 99 97 99 99 99 98 99
Nitrogen
87 80
84 80
27 31
83 50
75 7O
81 64
Sodium 53 32 50 14 O 7 51 21 19 42 4O 36
Potassium
21 0
38 0
0 30
38 26
O 22
0 33
Sulphate
10 O
19 O
O 12
6 4
12 22
0 20
Magnesium 0 0 54 O 0 54 33 34 0 49 16 47
Iron
43 29
56 0
0 73
— 0
- 0 5
1 71
Remarks
Data Used 1975 1975 1975
75—10-27
76—05—04
76—05~047
6-08—16 7
6—08—16 7
6—09—08 7
6—09—08 7
6-09—27
76—09—27
Avg.
Avg.
Avg.
Envel
ope
*
k
_
*
*
_
*
_
*
_
*
_
Points**
— — 3
— 10 —
— 4,5,6,8
— 5,D-J
— 5,10,
— 5, 10
& 10
D—J
D—J
Background
Gone.
10 20
10 10
10 10
10 10
10 10
20 10
(mg
/ L)
*
Envelope defined by well points 11, 14, 15, 16, 20 and 22.
** Percentage of attenuation calculated for individual well points and the average tabulated.
 
TABLE 22
BACTERIOL
OGICAL DA
TA ON GRO
UNDWATER
SAMPLES
(SITE 3)
PARAMETER:
FECAL COLIFORM
Org
ani
sms
per
100
ml
wat
er
Well
1 9 7 5
1 9 7 6
Point
June 2
0 J
uly 15
July 2
1 A
ug. 11
Oct. 0
7 Oc
t. 30
Nov. 1
8 M
ay 04
Sept.8
Aug. 1
6
<1000
<10
< 100
<10
-
-
3300
60
< 100
<10
—
530
—
—
—
—
100
<10
2200
-
'<10
30
—
-
—
-
3000
190
200
<10
-
10
10
—
-
< 100
<10
30
4
< 4
<10
<10
—
< 100
<10
30
< 4
<10
10
—
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<1000
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<10
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—
-
—
—
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<10
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—
—
-
<
< 100
—
400
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<10
<10
—
—
—
—
—
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90
<10
10
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100
<10
— 4
00
<10
30
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2800
—
2300
900
300
<10
<10
20
< 4
< 4
20
—
>1500
5200
10
280
30
10
<10
< 100
30
10
< 4
< 4
480
<10
10
<1000
10
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<10
10
20
—
10
<1000
100
<10
<10
< 4
4
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—
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-
<10
<10
<10
<10
< 4
4
360
< 4
< 4
100
< 1
00
140
300
<10
4
20
10
< 4
<10
270
<10
<10
< 4
4
< 4
< 4
< 4
4
0
4
<
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O
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\
D
\
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H
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<
r
<
r
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r
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-
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-
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-
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—
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 TABLE 22 BACTERIOLOGICAL DATA ON GROUNDWATER SAMPLES (SITE 3)
PARAMETER
: TOTAL
COLIFORM
Organisms per 100 ml water
Well
1 9 7 6
1 9 7 5
 
7
4
Point
June 20 July 15 July 21
Aug. 11 Oct. 07
Oct. 30
Nov. 18
May 04 SeB
;.8
Aug. 16
H
N
M
Q
‘
W
O
N
W
O
‘
O
1
—
1
H
N
M
Q
W
K
O
R
K
D
Q
O
H
N
M
Q
U
‘
A
Q
"
H
H
H
H
H
H
H
H
H
N
N
N
N
N
N
N
N
g
<
m
o
a
m
m
0
m
u
d
n
2,000
460,000
1,000
9,000
1,100
<
1
0
0
2,000
11,000
50
0
39,000
700
190,000
<100
<
1
0
0
2,200
17,000
240,000
300
1,100
40
0
90
0
270
7,600,000
2,000
90
0
>150,000
<
1
0
12,500
220
200
270
30
<1,000
650
<1
00
12,900
10
>
1
,
5
0
0
<
1
0
>1,500
10
<
1
0
1
0
420
>
1
,
5
0
0
30
0
10
<
10
110
110
>15
,00
0
2,200
2,700
1,300
100
44,000
800
500
30
<
1
0
0
<100
< 1,000
2,000
12,000
>
1
5
,
0
0
0
>15,000
<
1
0
<100
5
0
<
1
0
0
20
1,200
7,900
100
<100
<100
6,900
<100
161,000
2,100
>15,000
1,400
2
0
5,000
2,000
200
1
0
2
3
0
1,000
1,000
4,300
5,000
2
0
30
0
<
1
0
<100
370
< 10
6,500
40
8
0
1,500,000
30
0
5
0
4,000
70
0
400
1
0
<100
<100
<100
<100
<100
100
5,300
< 1,000
40
'
8
9
0
< 10
100
2
0
<
10
200
< 10
<
10
3,0
00
800
1,120
>15,000
240
<
10
500
32,000
100
9
0
190
50
<100
200
2,100
3
0
2,700
116
<1
00
160
10
500
< 10
16
400
3
0
1,900,000
>150,000
272
 
10
10
2
0
15,600
1
0
100
40
0
260
10
20
50
0
130
<10,000
600
3,5
00
900
400,000
200
7,4
00
32,000
<10,000
> 1,500
10
20
10,000
220
1,300
1,000
1,000
100
70
0
400
120
4,7
00
600
5,6
00
4,0
00
2,000
600
200
   
 
 TABLE
22
BACTERIOLOGICAL
DATA
ON
GROUNDWATER
SAMPLES
(SITE
3)
PARAMETER:
FECAL
STREPTOCOCCI
Organisms per 100 ml water
Well
1
9
7
5
l
9
7
6
Point
June
20
July
15
July
21
AAug,
11
Oct.
07
Oct.
30
Nov.
18
May
04
Sgpt.8
Aug.
16
-
12,000
340
600
<10
-
—
-
—
-
-
5,500
1,490
600
90
—
530
-
—
—
-
7,900
<
10
9,200
-
590
30
—
—
-
15,000
1,590
1,200
<10
-
10
<
4
<10
—
—
300
<
10
<
10
12
<
4
<
10
<
4
<10
—
<
10
20
30
<
4
<10
12
<
4
—
4,000
<1,000
<100
4
<10
550
—
-
—
-
1,000
<
10
<100
-
—
_
<
4
_
_
<100
—
<100
<
1,000
1,480
<10
—
—
-
100
—
5,000
1,000
<10
10
4
>1,500
—
<100
100
<
10
900
40
30
—
20
—
> 15,000
>1,500
>15,000
240
2,000
<10
<
10
<100
20
40
6O
4
<
10
<10
<
10
-
2,800
:>1,500
1,100
<10
110
<
4
4,000
640
<100
10
<
10
<
4
48
<
4
<
10
24
400
50
300
<10
10
—
140
<1,000
<100
260
<
10
<
4
<
4
—
>600
-
>
1,500
>1,500
<
10
<
4
20
32
>
1,500
>1,500
>15,000
<10
480
<
4
20
30
50
10
<
4
8
220
20
30
<
4
76
8
—
800
< 10
40
50
10
< 10
120
400
>1,500
>15,000
<10
—
-
4
-
70
110
50
<
4
8
—
52,000
>1,500
9,800
<10
—
1,000
—
200
380
70
<
4
—
<
4
—
35,000
>1,500
4,700
<10
<10
-
11,100
2,370
<100
<
4
—
20
—
_
_
_
_
_
130
390
<10 <10
_
_
10
<10
_
_
_
_
440
110
—
—
-
—
-
—
—
—
410
-
_
_
_
-
_
_
_
—
<100
—
_
_
_
_
_
_
_
_
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-
—
—
-
-
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-
o
C
>
c
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H
o
v
H
v
c
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c
>
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O
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ﬂ
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ﬁ
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<
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O
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V
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U
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‘
I
7
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w
,
_
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D
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O
M
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I
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V
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O
\
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'
\
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N
N
V
V
V
V
V
V
V
V
V
0
0
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ﬁ
x
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N
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Q
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effluent was distributedto the tiles located closest to the fence.
In t
he d
ista
nt w
ell
poin
ts
(23
to 2
8),
the
leve
ls o
f ba
cter
ia w
ere
occasionally quite high, which would suggest some degree of bacter—
iological contamination from the tile field system.
From the chemical test results (Tables 19 & 20), it was
observed that the distribution of the septic tank effluent in the
tile field was not uniform. The flow appeared to be concentrated
in the row of tiles closest to the fence (see results of well points
5, 8, D, F and G in Tables 19 & 20). The non—uniform flow could be
the result of the differences in the slopes of the distribution tiles.
Also the test data suggested that on the down-gradient side of the tile
field, the pollutants were mixed with the ground water to a depth
of approximately 2 m below the water table.
At the time of the field investigation (1975 and 1976),
surface pending was not observed in the tile field area and the owner
reported no difficulties in the use of the syStem at any time.
' At a distance of about 9 m (well points 23 to 28) from the
tile field on the down—gradient side (Figure 13), the chemical
quality of the ground water complied with the water quality criteria
for public surface water supplies (Appendix 2). However, with regard
to the microbiological criteria, the ground water at the same dis-
tance (9 m) occasionally did not meet these standards.
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4.4 Site 4
4.4.1 Site and System
 
This site was located on the west shore of Lake Simcoe
approximately 60 km north of Toronto, Ontario. The area had a high
density of seasonal (summer) homes mostly located along the lake
shore.
There were two different waste disposal systems on the
site. "System 1" (Figure 14) was constructed in 1958 and consisted
of a 2730 L (600 gal) septic tank connected to a tile field with
four rows of clay tiles totalling 88 m (288 ft) in length. This
system received the discharge from the washroom facilities. Kitchen
sink and laundry room discharges were received by "system 2" con-
structed in 1970. This waste disposal system consisted of a cess—
pool connected to two rows of clay tiles totalling 15 m (52 ft) in
length. The tiles were located 0.5 m (1.5 ft) below the ground
surface.
The private waste disposal systems were used by two adults
and one child who occupied the summer home from June to September.
Subsurface soil investigations revealed the presence of
three soil layers in the tile field area. The upper layer consisted
of a sandy organic soil to a depth of approximately 0.3 m (1 ft).
The next layer consisted of a silty sand to a sandy silt (D10 = 0.021
mm, = 0.25 mm, and Cu = 11.9) of approximately 3 m (9.5 ft) in
D60
thickness overlying a layer of clayey silt.
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FIGURE [4: LOCATIONS OF WELL POINTS AND LAYOUT OF SYSTEMS (SITE 4)
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The site was flat and sloped very gently towards lake Simcoe.
The water table was located at a depth of approximately 1.5 m (5 ft)
and the flow was towards the lake in a northerly direction.
4.4.2 Instrumentation and Monitoring
In July and August of 1975, ground water well points were
installed adjacent to the tile field "system 1 and 2". These sampling
points were similar to the Type "A" well points. On the PVC pipe,
1 to 3 sets of small holes (each set covering about 20 cm in length)
were drilled and then covered with a piece of No. 270 nylon mesh.
The pipe was closed at the bottom to prevent the loose soil in the
augered hole from entering.
This particular type of well point was designed and used
to intercept ground water at several elevations below the water table.
The well point elevations are given in Table 23.
In 1976, samples were taken from the septic tank outlet
for six days between August 15 and August 23. An automatic sampler
was used to take the samples on an hourly basis. Seven composite
samples were obtained by mixing the hourly samples and then submitted for
chemical tests. Analysis results on these composite samples are
tabulated in Table 24. Also, samples from one day were tested for
the concentrations of metals and the results are summarized in Table
25.
4.4.3 Experimental Results and Analysis
 
Ground water samples were collected from the well points
on August 1, 12, 20; Sept. 11, 29; Oct. 15 and Nov. 19 in 1975 for
 
   
TABLE 23 WELL POINT ELEVATIONS (SITE 4)
ELEVATION (m)*
WEL
L
GRO
UND
WAT
ER
TAB
LE
SET
OF
PER
FOR
ATI
ONS
POI
NT
SUR
FAC
E
75~
ll—
25
LEV
EL
1
LEV
EL
2
LEV
EL
3
1**
30.
51
28.
96
28.
40
28.
07
27.
74
2 30.66 — 29.91 29.11
3 30.63 28.98 28.87 28.78
4 30.70 29.00 28.80 28.39
5 30.46 28.96 29.19 28.86 28.53
6
30.
39
28.
97
28.
48
‘
7 30.41 28.94 28.51
8 30.38 28.93 28.42
9 30.35 28.90 28.57 28.34
10-1 30.32 28.92 28.44
10—2 30.32 28.92 27.25
11—1 30.33 28.91 28.91
11—2 30.33 28.91 28.43
12 30.34 28.90 28.95 28.36
13 30.28 28.91 28.86 28.43
14 30.31 28.99 28.22 28.56 28.22
15 30.27 — 28.78 28.45 28.11
16 30.28 28.86 28.53 28.20 27.86
17 30.25 28.88 28.50 28.17 27.83
18 30.23 28.88 28.53 28.20 27.87
9:
Bench mark elevation assumed equal to 30.48 m (100 ft).
This well point having more than one set of perforations
was similar to type"A"well point.
mixed water samples (average concentration) entering the
pipe at different depths.
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TABLE 24 AVERAGE CHEMICAL DATA ON SEPTIC TANK EFFLUENT
SAMPLES (SITE 4)
 
Parameter Average Concentration (mg/L)
Nitrogen (as N)
Ammonia 141.7
Total Kjeldahl 158.3
Nitrite 0.02
Nitrate 0.3
Phosphorus (as P)
To
ta
l
20
.5
So
lu
bl
e
17
.5
Chl
ori
de
(as
C1)
4
95.
3
So
di
um
(as
Na)
61
.9
Pot
ass
ium
(as
K)
48.
4
Magnesium (as Mg) 19-1
Iro
n
(as
Fe)
0.8
Cal
ciu
m
(as
Ca)
43.
7
Sul
pha
te
(as
804
)
28.
0
Hardness (as CaC03) 187
Alkalinity (as CaCO3) 687
Total Carbon 253
Total Organic Carbon 101
Conductivity varied from 1600 to 1850 Umhos/cm and
pH varied from 7.6 to 7.8.
Sampling Dates: Aug. 16, 17, 19, 20, 21, 22, 23 in 1976.
Number of Samples = 7.
81
 
 TABLE
25
CONCENTRATION
OF METALS
IN SEPTIC
TANK EFFLUENT SAMPLES (SITE 4)*
 
Parameter
Concentration
(mgfL)
Zinc
0.14
Copper 0.02
Nickel <0.0l
Lead <0.02
Cadmium <0.0l
Chromium 0.01
Mangenese 0.04
Arsenic
0.002
Selenium <0.001
 
Onecomposite
sample
obtained
by
mixing
hourly samples
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 the tests on chemical and bacteriological pollutants. The aver-
age chemical test results are presented in Table 26 and the
bacteriological data in Table 27.
The percentage of attenuation of chemical pollutants
by the soil beneath and adjacent to "system 1" was calculated
using the two methods described previously (sect. 3.1 & 3.2).
The envelope used to compute the average pollutant concentrat-
ions was defined by well points 9 to 13 (Figure 14) and the
ground water velocity as measured by the tracers at the site
(4.6 cm/s) was used in the calculations employing the second
method. The percentage of pollutant attenuation computed by
both methods are summarized in Table 28.
The ground water velocity was measured at the site by
using a solution of two tracers: NaCl and fluorescein. The
technique used was the same as that used on the lot adjacent
to site 1 (sect. 4.1.3.2). The area on the north side of the
patio (Figure 14) was used for the study and two injection well
points and six intercepting well points were installed below
the water table. The arrangement of these well points and the
test results are presented in Figure 15.
The ground water velocity, as measured by the movement
of the tracers, was compared with the calculated velocity from
the laboratory—determined permeability and the on—site hydraulic
gradient of the ground water table. It was found that the
permeability of the sandy silt was equal to 2.4 x 10—3 cm/s
and the hydraulic gradient was approximately 1%. The calculated
83
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4
WELL
POI
NT
H
(
V
a
n
«
m
\
p
r
~
a
;
m
10-1
10—2
11-1
11—2
12
13
1
4
1
5
1
6
1
7
1
8
TABLE
26
AMMONIA
0.09
0.01
0.01
0.
02
0.
12
0.01
0.02
0.01
0.19
0.02
0.10
0.21
0.07
0.27
0.06
0.07
0.09
0.01
0.01
T
KJ
EL
DA
HL
OTAL
0.35
0
.
2
0
0.
20
0.
28
0
.
3
4
0.23
0.23
0.
24
0.
56
0.24
0.
55
1
.
2
4
0.
26
0.
61
0.
36
0.
38
0.57
0
.
3
2
0.30
CHEMICAL DATA ON GROUNDWATER SAMPLES
(SITE 4)
 
NITROGEN (a
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
0.04
0.
01
0.
01
0.01
0.01
0.
01
0.01
0.01
0.01
0.
01
0.01
0.01
0.
02
0.01
0.01
0.01
0.
01
0.
01
0.
01
Q
»...
NITRITE
N)
NITFATE
60.
02
0.03
0.
03
0.
02
0.17
0.13
0.
06
0.
11
0.06
0.01
0.
01
0.
01
0.
32
0.06
0.
02
0.28
0.
10
0.01
0.08
 
TO
TA
L
NITPOGEN
0.4
1 [
6]
0.23
0.23
0.
31
0.51
0.
37
0.29
0.35
0.63
0.25
0.
56
1.
25
0.60
0.68
0.
38
0.
67
0.
68
0.
33
0.
38
PHO
SPH
OPU
S
(as
P)
TOT
AL
0.01
<0.01
<0.01
0.
02
0.
01
0.
02
<0.01
0.01
<0.
01
0.
01
0.03
0.
04
0.05
0.
01
0.
03
0
.
0
2
0.
02
0.
01
0.
02
<0.
01
SOL
UBL
E
<0.01
[6]
<0.01
<0.
01
<0.01
<0.01
<0.
01
<0.01
<0.01
<0.01
<0.01
<0.
01
<0.
01
<0.
01
<0.01
<0.
01
<0.01
<0.01
<0.
01
<0.01
<0.01
CHLO
RIDE
(as C1)
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TABLE 26
(Cont'd)
CHEMI
CAL
DATA
ON G
ROUND
WATER
SAMPL
ES
(SIT
E 4)
WELL
POINT
SODI
(as
Na)
UM
POT
ASS
IUM
(a
s
K)
CA
LC
IU
M
(as Ca)
MAGN
ESIU
M
(as Mg)
SULP
HATE
(a
s
50
4)
lR
ON
(as
Fe)
TOT
AL
ORG
ANI
C
CAR
BON
r
—
{
N
M
Q
‘
l
e
‘
w
m
10
-1
10
—2
11
—1
11
—2
1
2
1
3
1
4
1
5
16
17
18
10
9
1
4
1
1
5
8
13
1
0
8
7
9
1
2
1
1
\
D
\
O
I
\
K
\
H
O
\
C
\
D]
l
—
ﬁ
L
n
1
_
4
175
15
4
12
2
118
149
136
1
2
2
14
1
13
4
108
15
0
168
14
2
113
11
0
129
125
107
o
<
~
w
<
3
p
~
m
r
a
o
q
M
k
o
~
4
0
1
n
x
o
u
w
v
r
ﬁ
r
u
c
>
o
t
\
.
o
a
.
a
o
I
o
o
.
N
N
N
H
N
N
r
—
I
N
M
N
M
N
M
H
H
N
N
M
M
H
 
167[5]
11
2‘
10[5]
1
1
1
0
8
9
10
1
2
10
1
4
15
1
6
13
15
9
7
1
7
1
8
18
15
7
3
8
[
5
]
23
2
9
3
1
26
28
44
27
3
o
3
8
2
7
48
29
25
21
27
21
28
2
6
2
1
0.2
8[5
]
0
.
0
8
0.
05
0.23
0.
10
0.
17
0
.
1
8
0.15
0.
30
0.30
0.
30
0.
70
0.
75
0.
20
0.
18
0.
14
0.
17
0
.
1
2
0.
27
0.
33
12 [41
24
9
12
6
7
10
8
5
4
1
1
2
0
m
n
n
t
n
(
o
o
w
c
>
o
\
m
F
i
ﬁ
 
Alkalinity varied
from 190 to 590 m
g/L CaCO
pH varied from 6.4 to 8.0.
Conduc
tivity
varied
from 3
00 to
1250 u
mhos/c
m.
[
1
Sampling Dates:
Number of samples
same for all well
points
3.
August 1,
12, 30; S
ept. 11,
29; Oct.
15 and No
v. 19 in
1975.
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TABL
E 27
BACTER
IOLOGI
CAL DA
TA ON
GROUND
WATER
SAMPLE
S
(SIT
E 4
, 1
975)
WELL
POINT
Augu
st 2
0
Augu
st 2
8 Sept
ember
29 October 15
Novem
ber 1
9
F
C
*
T
C
*
F
s
*
FC
TC
FS
FC
TC
FS FC
TC
FS FC
TC
FS
q
u
m
x
o
v
x
c
o
c
x
10-1
10-2
11-1
11
~2
12
1
3
14
1
5
16
17
18
10
1,41
0
80
80
1,50
0
210
100
< 10
< 10
20 10
>1,
500
< 1
0
320
10
<100 <1,
100
<10
0
300
>15,0
00
890
<
10
50
<
10
200 >1
5,000
<100
10
130 <
10
10
> 1,
500
80
500
< 10
800
10
< 1
0
10
< 1
0
60
240 <
10
 
804
>600
<
4
<
4
<
4
>6
00
16
0
>
6
0
0
>600
<
4
>6
00
<
4
2
8
24
<
4
<10
 
>3,
000
>3,
000
220
40
6
0
160
4,960
200
>3,
000
>3,
000
>3,
000
9
0
0
> 3
,00
0
64
0
2,480
420
>3,
000
28
21
2
13
6
<
4
16
3
6
1
2
<
4
>6
00
4
24
3
2
16
1
2
<10
70
 
<10
0
100
100
3,
70
0
<
4
800
< 10
2,400
400
<
20
<
4
80
<
42
0
<
30
0
<
<
4
20
<
179
,00
0
o
o
<
r
<
r
<
r
<
r
8,3
00
400
< 4
30
900
60
3,8
00
4
1,920
24
40
0
<
4
<100
8
< 10
100
20
 
<10
<
4
<1
0
<
4
<
4
<
4
<10
<1
0
<
4
3
0
<
f
<
f
<
f
<
f
<
f
V
20
0
a
3,
40
0
4
5,
10
0
<
a
3
6
0
4
60 < 4
2
8
0
<
4
100
12
100
< 4
2,400 30
<
4
<10
15
6
>6
00
8
0
<
A
1
0
0
<
a
 
<10
<10
<10
>1,
500
>3,
000
<1
0
<
4
<10
9,7
00
200
>1,
500
>3,
000
>3,
000
>3,000
620
1,
20
0
<10
<10
<10
310
<10
45
<10
<100
<10
5,7
00
<
4
10
,3
00
< 4
< 2
0
< 4
100
<10
<10
<1
0
>l
,5
00
>3
,0
00
<10
<
4
<10
<1
0
<10
<10
<10
<10
NOT
E:
* FC
= Fec
al Co
lifor
ms
TC
=
To
ta
l
Co
li
fo
rm
s
Organisms per 100 ml water
No
sam
ple
s c
oul
d b
e o
bta
ine
d f
rom
wel
l p
oin
t 2
.
FS
=
Fe
ca
l
S
t
r
e
p
t
o
c
o
c
c
i
 
 TA
BL
E
28
PE
RC
EN
TA
GE
OF
AT
TE
NU
AT
IO
N
OF
PO
LL
UT
AN
TS
 
(SITE 4)
Percentage of Attenuation
Parameter
ls
t
Me
th
od
*
2n
d
Me
th
od
*
Pho
sph
oru
s
99
99
Nit
rog
en
99
99
Sod
ium
72
88
Pot
ass
ium
88
9O
Su
lp
ha
te
0
O
1
Mag
nes
ium
O
0
Iro
n
0
0
* Refer to Sections 3.1 and 3-2
 
  
LEGEND
0 INJECTION WELLPOINTS
O INTERCEPTING WELLPOINTS
SCALE
0
0.5 I.Om
l______l_—J
FLOW
'A
Flow Path
00
Tracer
(Injection Points
to)
Distance
(m)
Time to Peak
(days)
Ve
lo
ci
ty
(cm/sec)
F
Chlo
ride
G
H
3
7
7
5
6
4
6.
4
3.4
3.
7
AVG.=4.6
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velocity was equal to 5.2 cm/d (0.17 ft/day) which was com-
parable to the measured ground water velocity of 4.6 cm/d
(0.15 ft/day).
4.4.4 Discussion of Results
It is shown in Table 28 that the attenuation of phos-
phorus by the soils was very high (99%). The ability of the
sub—soil to attenuate phosphorus was supported by the laborat-
ory phosphorus sorption isotherm tests, which indicated that
the soil had a maximum capacity of sorbing 9.5 mg of phosphorus
per 100 g of air-dried soil. (Note: the soil sample was obtain-
ed near the tile field area and therefore it might have sorbed
some phosphorus from the septic tank effluent. For a soil with-
out previous history of phosphorus sorption the laboratory
maximum sorption capacity would probably be larger). It is
also interesting to note that the capacity of phosphorus sorpt-
ion of the soil as determined by the laboratory tests increased
with distance from "system 1". Three soil samples were obtain-
ed at different distances from the edge of "system 1" on the
down-gradient side of the system (refer to Figure 14 for locat-
ions of soil sampling). The maximum soil capacity for phosphorus
was determined for these soil samples (1.8 mg per 100 g of soil
for sample A, 2.9 for sample B, 6.5 for sample C) and suggest—
ed that the soil closer to the tile field had already sorbed a
larger amount of phosphorus. Therefore, the remaining sorption
capacity for phosphorus was smaller.
The nitrogen attenuation of the soil at site 4 was
also very high (99%). The main reason could be the presence of
89
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e
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a
.
a
-
ma
ny
ro
ot
s
an
d
or
ga
ni
c
ma
tt
er
in
the
so
il
wh
ic
h
re
mo
ve
d
a large amount of nitrogen input.
Th
e
at
te
nt
ua
ti
on
of
po
ta
ss
iu
m
an
d
so
di
um
wa
s
re
as
on
—
ab
ly
hi
gh
(72
to
90%
);
ho
we
ve
r,
the
at
te
nu
at
io
n
of
iro
n,
ma
gn
es
—
ium
and
sul
pha
te
was
poo
r
(0%
).
The
cal
ciu
m
con
cen
tra
tio
n
in
the
gro
und
wat
er
was
con
sid
era
bly
hig
her
tha
n
tha
t
in
the
sep
tic
tan
k
eff
lue
nt
and
lik
ewi
se
the
con
cen
tra
tio
n
of
sul
ph—
ate
in
the
gro
und
wat
er
was
sli
ght
ly
hig
her
tha
n
tha
t
in
the
sep
tic
tan
k e
ffl
uen
t.
In
the
se
cas
es,
the
eff
lue
nt
fro
m t
he
sep
tic
tan
k c
oul
d d
ilu
te
the
bac
kgr
oun
d c
onc
ent
rat
ion
s o
f c
alc
-
ium and sulphate in the ground water.
Ref
err
ing
to
the
bac
ter
iol
ogi
cal
dat
a
(Ta
ble
27)
,
the
gro
und
wat
er
at
a d
ist
anc
e o
f a
bou
t
7 m
(20
ft
on
the
dow
n—
gr
ad
ie
nt
sid
e)
fr
om
th
e
ti
le
fi
el
d
"s
ys
te
m
1"
(p
oi
nt
s
14
to
17)
,
con
tai
ned
low
lev
els
of
fec
al
col
ifo
rms
.
Thi
s
wou
ld
sug
ges
t
th
at
ev
en
at
a
sh
or
t
di
st
an
ce
fr
om
the
ti
le
fi
el
d,
the
ba
ct
er
io
l-
ogi
cal
con
tam
ina
tio
n
fro
m
"sy
ste
m
1"
was
min
ima
l.
The
ref
ore
,
bac
ter
iol
ogi
cal
con
tam
ina
tio
n
of
nea
rby
sur
fac
e
wat
ers
e.g
.
Lak
e
Simcoe from the tile field appeared unlikely.
4.5 Site 5
4.5.1 Site and System
Thi
s
sit
e
was
loc
ate
d
on
the
sou
th
sho
re
of
Lak
e
biu
sko
ka
app
rox
ima
tel
y
16
km
nor
th
of(
3ra
ven
hur
st,
Ont
ari
o,
an
are
a g
eol
ogi
cal
ly
cla
ssi
fie
d a
s t
he
Pre
cam
bri
an
Shi
eld
.
The
top
ogr
aph
y o
f t
he
sit
e,c
ons
ist
ent
wit
h t
he
gen
era
l a
rea
, w
as
hil
ly
wit
h f
req
uen
t o
utc
rop
s a
nd
slo
ped
tow
ard
s t
he
Lak
e.
90
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 The waste disposal system, constructed in 1974, con—
sisted of a 2730 L (600 gal) septic tank and a tile field
having five rows of clay tiles
totalling 56.1 m (184 ft)
in
length.
The tiles were located about 0.3 m below the tile
field surface. Figure 16 shows the configuration of the
system.
The tile field, laid in a raised sand filter bed
situated on a granite outcrop, was approximately 7 m about the
septic tank outlet and as a result the septic tank effluent
had to be pumped up to the distribution box (a concrete box
with pipe outlet for flow distribution)
through a polyethylene
feed line.
The raised sand bed (average thickness of 1.5 m) was
constructed with a medium sand (D10 = 0.13 mm, D60 = 0.36 mm,
and Cu = 2.8) and stabilized around the base or toe by large
boulders.
Adjacent
to
the
bed
there
were
granite
outcrops
with soils covering the lower areas of the bedrock.
The thick-
est soil mantle, which was a mixture
of sand and organic soil,
was found in the depressed area on the west side of the distrib-
ution box feed line (Figure 16).
The private waste disposal system served a three-
 
bedroom house occupied by two adults and one teenager.
4.5.2
Instrumentation andFionitoring
1
In order to decide judiciously on the locations of
the water sampling points,
a topographical map of the bedrock
3
beneath and adjacent to the raised bed was produced.
A contOur
I
map
of
the bedrock
with
an outline
of
the
raised
sand bed
is
1
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THE BEDROCK (SITE 5)
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presented in Figure 16. On the basis of the bedrock contour
map and information obtained in the field by probing the soil
mantle, it was decided to put more well points in the area on
the west side of the distribution box feed line (i.e. area with
thicker soil mantle). It was anticipated that a large portion
of the waste water draining from the raised bed would pass through
these sampling points. Two groups of points were installed at
this location: the “M” group (M l, M 2, etc.) were installed in
August 1975 and the "L" group (L l to L 5) were added later on in
October 1976 to study in more detail this toe area of the raised
bed. In addition, the "S" and "C" groups were installed in 1975
adjacent to the south—west and the north-west sides respectively
of the raised bed. Two troughs (T l and T 2) were built on the
top of the granite outcrops; T l was used to collect leachate
from the raised bed flowing on the rock surface and T 2 was used
to collect run—off on the outcrop.
The well points were constructed using a plastic per—
forated cylinder (7.6 cm in diameter and 25 cm in length) covered
with a piece of No. 270 mesh screen. The cylinder was installed
in a hole which was augered or dug to the surface of the under—
lying rock. A 6 mm diameter tubing was used to connect the
cylinder to the ground surface for future sampling. The hole was
then backfilled with the natural soil.
The troughs, actually V—shapedams, were constructed by
cementing both long ends of a polyethylene sheet to the bare rock
surface and placing sand beneath the plastic sheet. A 2.5
pipe was installed at the bottom of the trough to permit
  
 a continuous flow and to facilitate the taking of water
samples.
Ground water samples were obtained eleven times
aft
er
the
wel
l
poi
nts
wer
e
ins
tal
led
.
The
sam
pli
ng
dat
es
are
as follows:
In
19
75
— A
ug.
27;
Oct
.
6,
15;
Nov
.
5,
18;
an
d
Dec. 10 (6 times).
In
197
6
— M
arc
h
26;
May
28;
Oct
.
18;
Nov
.
8 a
nd
30 (5 times)
Ef
fo
rt
s
we
re
ma
de
to
ob
ta
in
sa
mp
le
s
fr
om
al
l
th
e
we
ll
poi
nts
dur
ing
eac
h
sam
pli
ng
tim
e.
How
eve
r,
thi
s w
as
not
fe
as
ib
le
at
ti
me
s
be
ca
us
e
in
so
me
of
th
e
we
ll
po
in
ts
th
er
e
we
re
ins
uff
ici
ent
amo
unt
s
of
wat
er
to
be
ext
rac
ted
wit
h
a h
and
pum
p.
Dur
ing
the
197
5
and
197
6
sam
pli
ng
per
iod
s,
not
eve
n
one
gro
und
wa
te
r
sa
mp
le
co
ul
d
be
ob
ta
in
ed
fr
om
po
in
ts
81
,
S4
,
C1
an
d
C2
.
Wat
er
sam
ple
s w
ere
obt
ain
ed
fro
m t
he
tro
ugh
s
(T1
and
T2)
onl
y
onc
e
(Ma
rch
26,
197
6);
at
oth
er
sam
pli
ng
tim
es
the
tro
ugh
s
wer
e
dry
.
Onl
y s
ix
par
ame
ter
s
(4
nit
rog
en
par
ame
ter
s,
tot
al
pho
sph
o-
rus
and
chl
ori
de)
wer
e
ana
lyz
ed
on
the
sam
ple
fro
m T
1
bec
aus
e
th
er
e
wa
s
in
su
ff
ic
ie
nt
wa
te
r
for
ot
he
r
te
st
s.
Be
ca
us
e
sa
mp
li
ng
poi
nts
L1,
L2,
L3,
L4
and
L5
wer
e
ins
tal
led
in
Oct
obe
r
197
6,
onl
y
thr
ee
set
s
of
sam
ple
s
wer
e
col
lec
ted
fro
m t
hem
.
Bes
ide
s
tak
ing
wat
er
sam
ple
s f
rom
the
wel
l p
oin
ts
adj
ace
nt
to
the
rai
sed
san
d b
ed,
sam
ple
s
wer
e
als
o
obt
ain
ed
fro
m t
he
Lak
e
and
fro
m t
he
out
let
pip
e
of
the
wee
pin
g
til
e
loc
ate
d
aro
und
the
bas
eme
nt
of
the
hou
se.
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 In
add
iti
on
to
tak
ing
gro
und
wat
er
sam
ple
s,
sep
tic
tan
k
eff
lue
nt
sam
ple
s w
ere
als
o
obt
ain
ed.
At
thi
s
par
tic
ula
r
sit
e,
it
was
mor
e c
onv
eni
ent
to
tak
e s
amp
les
of
was
te
wat
er
fro
m t
he
dis
tri
but
ion
box
rat
her
tha
n t
he
sep
tic
tank
.
Sam
ple
s
wer
e t
ake
n o
n e
lev
en
dat
es
in
197
5 a
nd
197
6 a
nd
two
sam
pli
ng
met
hod
s w
ere
use
d.
In
Jul
y
197
6,
the
sam
ple
s w
ere
obt
ain
ed
wit
h a
n a
uto
mat
ic
sam
ple
r o
n a
n h
our
ly
bas
is
ove
r a
per
iod
of
fou
r d
ays
.
At
oth
er
sam
pli
ng
tim
es
in
197
5 a
nd
197
6,"
gra
b
samples” were obtained from the distribution box.
4.5.3 Egperimental Results and Analysis
The test results on the septic tank effluent samples
are presented in Table 29. Table 30 summarizes the average
test results of the ground water samples.
The percentage attenuation of a pollutant by the sand
at this site was calculated using a different method than those
discussed previously. The technique used here is described
briefly as follows. First, it was assumed that the attenuation
of chloride by the sand in the raised bed was practically zero
and therefore, the decrease in concentration of chloride in the
ground water was assumed to be the result of dilution. Further-
more, it was assumed that the background concentration of pol-
lutants in the ground water was close to zero before the septic
tank effluent was percolating through the soil. By comparing
the concentration of chloride in the distribution box and the
concentration at the ground water sampling points, the dilution
factor was computed. To calculate the percentage of pollutantatten—
uat
ion
by
soi
ls,
the
con
cen
tra
tio
n o
f t
he
pol
lut
ant
in
the
gro
und
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TAB
LE
29
AVE
RAG
E C
HEM
ICA
L D
ATA
ON
SEP
TIC
TAN
K E
FFL
UEN
T
SAMPLES (SITE 5)
 
Parameter Average Concentration (mgﬂd)
Nitrogen (as N)
Ammonia 40.8
Total Kjeldahl 55.5
Nitrite 0.02
Nitrate 0.1
Phosphorus (as P)
Total 9.1
Soluble 7.2
Chloride (as Cl) 49.1
Sodium (as Na) 52.9
Potassium (as K) 16.2
Magnesium (as Mg) 4.6
Iron (as Fe) 1.6
Calcium (as Ca) 14.2
Su
lp
ha
te
(as
804
)
28
.1
Har
dne
ss
(as
CaC
OB)
54.
6
Alkalinity (as CaC03) 224
Tot
al
Car
bon
150
Total Organic Carbon 83
 
Conductivity varied from 620 to 820 Umhos/cm and
pH varied from 6.8 to 8.0.
Sampling Dates:
Oct. 15, Nov. 5, 18 in 1975; May 28, July 20,
22, 23, 24, Aug. 23, Sept. 9, Oct 18 in 1976.
Number of samples = 11.
96
 
TABLE
30 A
VERAGE
CHEMIC
AL DAT
A ON G
ROUNDW
ATER S
AMPLES
(SITE
5)
NI
TR
OG
EN
(aE
.N)
PHO
SPH
ORU
S
(as
p)
WEL
L
TOT
AL
TCT
AL
CEL
CRL
DF
POI
NT
AMM
CNI
A
KJE
LDA
HL
NIT
RIT
E
NIT
RAT
E
NIT
FOG
EN
TOT
AL
SOL
UBL
E
(as
Cl)
  
Ml
5.88
9.76
0.05
0.07
9.88[
7]
0.05
0.02
[8]
36 [7
]
M2
6.6
7
10.
70
0.0
5
60.
11
10.
86[
8]
0.0
5
0.0
2
[5]
34
[6]
M3
11.7
3
23.4
9
0.11
0.09
23.6
9[8]
1.11
0.82
[8]
34
[8]
M4
6.42
9.35
0.09
0.11
9.55
[9]
0.04
0.02
[7]
36 [
9]
MS
1.5
1
2.0
0
0.0
2
0.2
4
2.26
[7]~
0.0
2
0.0
1 [
5]
32
[7]
M6
1.62
2.37
0.02
0.05
2.44
[7]
0.04
0.02
[7]
32 [
7]
M7
1.67
2.65
0.03
0.05
2.73
[6]
0.06
0.02
[7]
37 [
6]
82
0.05
0.20
0.01
0.02
0.23[5]
0.02
0.01 [5]
34 [5]
L1 2.9
9 4.26
0.15 5.35
9.76[3] 0.03
0.01 [3] 42
[3]
L2
1.29
1.85
0.04
14.23
16.12[3]
0.01
0.01 [3]
42 [31
L3
4.23
5.25
0.05
0.18
5.48[3]
0.03
0.02 [3]
37 [3]
L4
2.24
4.95
0.03
0.07
5.05[3]
0.01
0.01 [3]
43 [3]
L5
5.07
6.81
0.07
1.35
8.23[3]
0.08
0.01 [3]
46 [3]
TROUGHl
0.32
0.96
0.03
0.01
1.32[l]
<0.01
— [l]
l [1]
‘ TR
OUGHZ
0.02
0.80
0.01
1.80
2.63[
l]
0.16
0.11
[1]
Q [l]
WEEPING
TILE
0.10
1.09
0.04
5.56
6.69[4]
0.03
0.01 [4]
33 [4]
LAKE 0
.04 0.38
0.01 0.17
0.56[7] 0.04
0.02 [7] 3
[7]
9
7
 
Sampling Dates: Aug. 27, Oct. 6, 15; Nov. 5, 18; and Dec. 10 in 1975.
Mar. 26, May 28, Oct. 18, Nov. 8 and 30 in 1976.
[ ] Number of samples.
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on
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d)
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ER
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CH
EM
IC
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DA
TA
ON
GR
OU
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WA
TE
R
SA
MP
LE
S
(S
IT
E
5)
 
9
8
WE
LL
POI
NT
M
1
M
2
M3
M
4
M
5
M
6
M
7
8
2
L
1
L
2
1.13
L
4
L5
T
R
O
U
G
H
I
T
R
O
U
G
H
Z
WE
EP
IN
G
TI
LE
L
A
K
E
4
6
2
1
44
4
1
3
4
3
4
3
6
1
3
44
4
6
36
3
8
4
8
1
1
2
4
2
S
O
D
I
U
M
(a
s
Na
)
[1
]
[l]
[7]
[7]
[7]
[7]
[6]
[5]
[3]
[3]
[3]
[3]
[3
]
[l]
[4]
[4]
L
n
.
mH
I
O
I
O
.
.
N
x
o
u
a
m
r
\
o
a
¢
r
4
a
:
w
c
n
N
C
N
G
O
N
N
M
F
F
L
D
O
M
.
v
9
0
|
0
.
Q
‘
O
W
O
v
—
[
r
-
i
o
m
m
o
o
P
O
T
A
S
S
I
U
M
[l]
[7]
[7
]
[7]
[7]
[6
]
[5]
[3]
[3]
[3]
[3]
[3]
[l
]
[4
]
[6]
2
4
9
2
5
6
1
1
9
l
l
7
2
5
2
4
13
8
13
10
3
3
4
C
A
L
C
I
U
M
(
a
s
C
a
)
[1]
[1]
[7]
[7]
[7
]
[6
]
[6]
[5
]
[3]
[3
]
[3]
[3]
[3]
[l
]
[4]
[6]
(
\
V
‘
F
V
‘
M
N
M
v
a
q
‘
ﬁ
‘
Q
‘
H
M
H
MA
GN
ES
IU
M
(a
s
Mg
)
[1]
[1]
[7]
[8]
[7
]
[7]
[6]
[5
]
[3
]
[
3
]
[3]
[3
]
[3]
[l
]
[5
]
[6
]
3
8
1
9
7
1
5
5
13
2
2
21
5
3
0
3
3
2
7
1
0
4
8
1
5
20
9
SU
LP
HA
TE
(a
s
80
4)
[2]
[l
]
[7]
[8
]
[7
]
[7
]
[6
]
[5
]
[3
]
[3]
[3]
[3
]
[3
]
[1]
[5]
[6]
I
R
O
N
(a
s
Fe
)
5
.
2
0
29.00
84
.6
0
6.
30
18
.5
0
21
.6
0
0.
60
10
.7
0
2.
10
41
.3
0
13
.3
0
42
.8
0
0.
04
0
.
7
0
0.
10
TO
TA
L
OR
GA
NI
C
C
A
R
B
O
N
[2]
[3]
1
5
0
.
0
0
[
7
]
[8]
[7]
[7]
[6]
[5]
[3]
[3]
[3]
[3]
[3]
[1]
[5]
[6]
4
6
7
1
6
2
2
6
4
1
9
20
2
4
7
25
1
4
2
5
2
4
5
0
[3]
[3]
[6]
[8
]
[7]
[7
]
[6]
[5
]
[3
]
[3
]
[3]
[3]
[3
]
[l
]
[5
]
[6
]
 
Al
ka
li
ni
ty
va
ri
ed
fr
om
40
to
16
0
mg
/L
(a
s
Ca
CO
B)
.
Co
nd
uc
ti
vi
ty
va
ri
ed
fr
om
11
0
to
90
0
(p
mh
os
/c
m)
.
[ ]
Samp
ling
Date
s:
pH
va
ri
ed
fr
om
5
to
8.
Numbe
r of
sampl
es.
Au
gu
st
27
;
Oc
t.
6,
15
;
No
v.
5,
l8
;
an
d
De
c.
10
in
19
75
.
Ma
rc
h
26
;
Ma
y
28
;
Oc
t.
18
;
No
v.
8
an
d
30
in
19
76
.
 wat
er
was
adj
ust
ed
acc
ord
ing
to
the
val
ue
of
the
dil
uti
on
fac
tor
.
The
adj
ust
ed
con
cen
tra
tio
n w
as
com
par
ed
wit
h
the
con
—
cen
tra
tio
n o
f t
he
pol
lut
ant
in
the
dis
tri
but
ion
box
and
the
dif
fer
enc
e i
n t
he
con
cen
tra
tio
n w
as
use
d
to
cal
cul
ate
the
per
cen
tag
e
of
att
enu
ati
on.
For
thi
s
par
tic
ula
r
sit
e,
the
att
enu
ati
ons
waf
pol
lut
ant
s
at
dif
fer
ent
sam
pli
ng
poi
nts
wer
e
cal
cul
ate
d,a
nd
the
res
ult
s
are
tab
ula
ted
in
Tab
le
31.
In
the
com
put
ati
on
of
the
dil
uti
on
fac
tor
,
the
bac
kgr
oun
d c
on-
cen
tra
tio
ns
of
chl
ori
de
and
the
pol
lut
ant
in
the
gro
und
wat
er
wer
e a
SSu
med
to
be
zero
.
By
ign
ori
ng
the
bac
kgr
oun
d c
onc
ent
rat
-
ion,
the
com
put
ed
per
cen
tag
e a
tte
nua
tio
n o
f a
pol
lut
ant
wou
ld
be
onl
y a
ppr
oxi
mat
e.
Nev
ert
hel
ess
, t
he
res
ult
s c
oul
d p
rov
ide
some indications of the degree of the pollutant attenuation by
the soil.
4.5.4 Discussion of Results
 
The
att
enu
ati
on
of
pho
sph
oru
s a
nd
nit
rog
en
by
the
san
d
in
the
rai
sed
bed
was
ver
y h
igh
(80%
to9
9%
ran
ge)
and
the
attenuation of sodium, potassium, calcium, magnesium, and sulphate
by
the
san
dy
soi
l w
as
poo
r (
gen
era
lly
les
s t
han
50%
).
Nit
rog
en
in
the
gro
und
wat
er
was
mai
nly
pre
sen
t i
n t
he
for
ms
of
amm
oni
a
and
org
ani
c n
itr
oge
n s
ugg
est
ing
tha
t t
he
oxi
dat
ion
pro
ces
s o
f
the
nit
rog
en
ins
ide
the
rai
sed
bed
was
rel
ati
vel
y i
nef
fec
tiv
e
(ie.
lac
k o
f o
xyg
en
in
the
san
d).
Thi
s w
as
pro
bab
ly
due
to
the
short retention time of the septic tank effluent in the sand
and
als
o t
he
san
d c
oul
d b
e n
ear
sat
ura
tio
n a
t t
he
bas
e o
f t
he
raised tile field.
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 TABLE
31 P
ERCENT
AGE OF
ATTENU
ATION
OF POL
LUTANT
S (SI
TE 5)
WELL
POIN
T
Phos
phor
us
Nitr
ogen
Sodi
um
Pota
ssiu
m
Sulp
hate
Magn
esiu
m
Iron
M1
99
76
- _
—
—
—
-
M3
82
38
-
—
-
—
-
1
0
0
M6
99
93
-
41
_
19
_
M7
99
93
—
41
—
21
-
32
99
99
52
79
74
46
45
L1
99
79
2
—
—
—
—
L2
99
66
—
16
—
4
_
L3
99
87
11
31
—
—
—
L4
99
90
18
43
58
—
—
L5
99
84
3
45
—
l6
-
 
* W.T
. =
Weepin
g tile
s arou
nd the
baseme
nt of
the ho
use.
  
_______________________________—————————————————————————————————————————————————--—---------1!
Point
343 was located in an area mantled with organic
;
soil.
The increase in the concentration of some of the pole
lutants at this point in comparison with that at point
B42
was
probably due to the local pollution by the organic soil
 
near point
‘43 and not due to the septic tank system.
The bacteriological data as presented in Table 32 in—
dicate high levels of total coliforms and to a certain extent
high densities of fecal coliforms and streptococci at points
M5,Di6
and\17 on
the
main
flow path.
It
is believed
that
the
organic nature of the soil mantle at these well points might
play a role in this condition.
Also an uneven flow distribution
of
the
septic
tank
effluent
from
the
raised bed
was
reflected
in
the
relatively high counts of total and fecal coliforms in points
L1
and L5
in comparison
to points
L2,
L3
and L4.
In general,
the
likelihood
of bacteriological
contamination
to
nearby
lake
waters from this system was rather minimal as suggested by the
low
counts
obtained
in
the
effluent
from
the weeping
tile
around
the house.
In
general,
the
performance
of
the
raised
tile
field
was
quite
adequate.
With
the
exception
of
ammonia nitrogen,
the
ground water
quality
adjacent
to
the raised
tile
field was
below
Ontariobiinistry
of
the
Environment
water
quality
criteria
for
public
surface
water
supplies.
4.6 Site 6
4.6.1 Site and System
This
site was
located in
Bondhead,
approximately
50
km
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TABLE
32
BACTERIOLOGICAL
DATA
ON
GROUNDWATER
SAMPLES
(SITE
5)
(Fecal Coliforms) Organisms per 100 ml water
 
WELL 1 9 7 5 l 9 7 6
POINT Oct.7 Oct.15 Nov. 5 Nov. 18 Dec.10 Max 25 Oct.l8 Nov‘ 8
M1 100 < 10 < 10 < 10 <100 — - < 10
M2 <100 — < 10 < 10 < 10 — — —
M3 <100 <100 <l,000 <100 <100 <100 <10 200
M4 <100 < 10 <100 < 10 — <100 <10 < 10
M5 390 < 10 10 < 10 — < 10 - 100
M6 < 10 < 10 4O 50 - < 10 < 4 <100
M7 60 <100 < 10 130 — < 10 <10 < 10
S2 < 10 < 10 < 10 < 10 < 10 — — —
Ll — — — — - — <10 100
L2 — — — — - - <10 20
L3 — — — — — - <10 10
L4 — — — ~ — — <10 <100
L5 — — — — — — <10 5,100
WT* V <100 < 4 < 4
* WT = Weeping tiles around the basement of the house.
Total Coliforms
WELL
1 9 7 5
1 9 7 6
POINT
Oct.7
Oct.15
Nov. 5
Nov. 18
Dec. 10
May 25
Oct. 18
Nov. 8
M1
1,000
60
100
<100
<100
-
-
<10
M2
900
-
<100
<100
< 10
-
—
-
M3
700
7,000
<1,000
<100
100
< 10
200
7,000
M4
<100
20
<1,000
<100
—
< 10
160
1,000
M5
5,300
3,900
30,000
64,000
-
.<1,000
—
420,000
M6
1,900
400
1,900
900
-
100
60
1,000
M7
1,100
1,400
15,000
2,000
—
<100
260
140
82
100
1,200
200
<100
< 10
-
-
—
Ll
-
-
-
-
—
—
640
38,000
L2
—
—
—
—
-
' —
<10
100
L3
-
-
—
—
-
-
4
100
L4
-
-
-
—
—
—
60
2,000
L5
-
—
-
—
—
—
690
100,000
-WT
-
—
-
—
—
100
170
170
 
Fecal Streptococci
WELL
1
9 7 5
l 9
7 6
POINT
Oct.7
0ct.lS
Nov.
5
Nov.
18
Dec.
10
May
25
0ct.l8
Nov.
8
;
Ml
<100
<100
<100
<
10
<100
—
—
<
10
i
M2
<100
—
<100
<
10
<
10
—
—
—
E
M3
<100
<100
<l0,000
<100
<100
<100
<
10
<100
‘
M4
<100
<100
<
1,000
<
10
—
<100
10
<100
M5
40
20
100
20
—
<
10
-
<100
M6
<
10
10
<100
<
10
-
<
10
<
4
<100
M7
40
<100
<100
<
10
—
40
<10
<100
82
<
10
<
10
<100
130
<
10
—
-
—
Ll
-
—
—
—
—
-
<100
<100
L2
—
—
—
—
—
—
<100
<100
L3
-
-
-
—
—
—
<
10
<100
L4
-
-
—
—
—
—
<
10
<100
3
L5
-
-
—
—
-
—
<100
<100
j
‘ WT
—
-
-
—
-
<100
20
  
 -
—
!
north of Toronto. The area was predominantly rolling hills .
and farm lands. Because the site was located in a sub—division
there were otherprivate waste disposal systems located in
the vicinity of the system under study. Therefore, it was POSSible
in this project to study the performance of a system surround-
ed by many other private waste disposal systems. The sub-soil
stratigraphy on the site consisted of about 15 cm of top soil
overlying a strata of clayey silt, which had the following
properties: 29 to 50% clay, 46 to 58% silt and 4 to 13% sand,
liquid limit equal to 39 and plastic limit equal to 19. There
was a decrease in the clay content (increase in silt content)
in the soil with increasing depth.
The water table fluctuated from 0.3 to 1.5 m below
the ground surface and the ground water flowed to the southeast
and northeast.
The private waste disposal system was constructed in
1969 and consisted of a 3640 L septic tank connected to 122 m
of clay tiles set in a fishbone pattern (Figure 17). The depth
of the tiles was 0.3m below the ground surface. The system
served two adults and two children living in a three-bedroom
house.
4.6.2 Instrumentation and‘ionitoring
During August of 1975, well points were installed
around and in close proximity to the tile field.
These ground
 
water sampling points were of the type "A" variety.
In August
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(SITE
6)
 1976, more well points were installed around the tile field
to study in more detail the contamination of the ground
water. Type "B" and type "C" well points were used in order
to save time in installation. The well point elevations
are summarized in Table 33.
Prior to the regular ground water sampling programme,
the ground water in the well points was pumped out several
times to clean the PVC pipes. ’3round water samples were taken
on five occasions (Sept. 22, Oct. 25 and Dec. 1 in 1976;
May 4 and July 12 in 1977) and tested for both chemical and
bacteriological parameters.
In June of 1976, samples of septic tank effluent
were taken for a period of six days. These samples were extract-
ed from the septic tank outlet by means of an electrically driv-
en automatic hourly sampler and 6 mm tubing inserted into the
outlet pipe of the septic tank. The composite samples were
obtained by proportionately combining all hourly samples and
were then submitted for chemical analyses.
4.6.3
Experimental
Results
and
Analysis
The average chemical test results in 1976 are summariz—
ed in Table 34 and the results of septic tank effluent are
presented in Table 35.
In calculating
the
attenuation
percentage
of
pollutants,
the
individual well
points were
treated
as
small
zones
in
the
105
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TABLE 33 WELL POINT ELEVATIONS (SITE 6)
 
ELEVATION (m)*
 
 
WELL GROUND WATER TABLE SET OF PERFOPATIONS
POINT SURFACE 7%{5—04 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
1 30.07 28.57 28.12
2 30.15 28.92 28.96 28.10
3 30.10 28.81 29.21 29.01 27.67
4 29.98 28.75 28.07 27.46 27.01 J
5 30.04 29.25 27.68 '
6 29.82 29.29 28.15 i
7 29.89 29.13 28.82 27.93 I
8 29.97 29.31 27.64 I
9 29.94 29.32 27.71 Q
10 29.95 29.37 27.65 !
11 30.06 29.53 28.40
12 30.21 29.68 28.44
13 30.10 29.44 27.73
14 29.65 29.14 28.86 28.38 27.93 27.47
15 29.69 28.91 28.70 28.24 27.79 27.33
16 29.65 29.04 28.30 27.85 27.39 26.93
17 29.67 28.86 28.70 28.24 27.79 27.33
18 29.62 28.73 28.12 27.66 27.21 26.75
* Bench mark elevation assumed equal to 30.48 m (100 ft).
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 TABLE
34
AVERAGE
CHEMICAL
DATA
ON
GROUNDWATER
SAMPLES
(SITE
6,
1976)
N
I
T
R
O
G
E
N
(as
N)
P
H
O
S
P
H
O
R
U
S
(as
P)
LL
T
O
T
A
L
T
O
T
A
L
C
H
L
C
R
I
D
F
N
T
A
M
M
O
N
I
A
K
J
E
L
D
A
H
L
N
I
T
P
I
T
E
N
I
T
R
A
T
E
N
I
T
R
O
G
E
N
T
O
T
A
L
S
O
L
U
B
L
E
(a;
C1)
 
0.05
0.22
0.02
9.15
9.39
0.03
0.02
99
0.01
0.24
0.01
4.94
5.19
0.02
0.01
100
0.01
0.31
0.07
3.12
3.50
0.06
0.05
98
0.03
0.29
0.02
11.96
12.27
0.02
0.01
102
0.07
0.34
0.05
8.13
8.52
0.02
0.02
99
0.04
0.35
0.07
3.08
3.50
0.01
(0.01
92
0.64
4.85
0.01
0.20
5.06
0.16
0.05
103
0.22
1.58
0.01
0.04
1.63
0.01
(0.01
102
0.04
0.42
0.01
0.10
0.53
0.01
(0.01
105
0.04
0.34
0.01
0.09
0.44
0.02
(0.01
108
7.32
8.60
0.01
0.01
.
8.62
~
0.03
0.01
113
12.93
17.43
0.01
0.02
17.46
1.38
1.23
117
0.05
0.68
0.01
0.07
0.76
0.05
0.01
112
0.05
0.35
0.01
0.22
0.58
0.02
0.01
112
0.04
0.43
0.05
4.46
4.94
0.03
0.01
108
0.21
0.80
0.01
2.49
3.30
0.03
0.01
118
0.06
0.29
0.05
6.46
6.80
0.03
0.01
102
0.05
0.57
0.01
4.18
4.76
0.10
0.07
110
0.90
1.67
0.01
0.37
2.05
0.09
0.05
89
0.06
1.13
0.03
5.09
6.27
0.26
0.22
80
0.04
0.23
0.01
10.39
10.63
0.03
0.02
116
.
g
r
-
(
r
-
I
N
v
—
i
I
I
I
I
I
I
I
I
l
l
F
+
N
<
V
r
n
a
1
w
u
v
~
w
<
r
<
‘
m
1
0
7
N
M
H
N
M
V
‘
H
H
H
N
H
H
N
H
H
H
H
I
I
l
l
E
D
F
F
C
D
O
‘
C
h
C
I
-
‘
l
F
i
r
-
4
I
N
M
v
-
l
r
-
l
 
 TABLE 34 (ConL'd
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES
(SITE 6, 1976)
NITROGEN
(as N)
PFOSPHORUS
(as
P)
WELL
TOTAL
TOTAL
CHLORIDE
POINT
AMMONIA
KJELDAHL
NITRITE
NITRATE
NITROGEN
TOTAL
SOLUBLE
(as
C1)
 
14—1
2.80
3.90
0.01
0.38
3.29
0.04
0.02
75
14—2
0.49
0.79
0.01
0.22
1.02
0.05
0.03
100
14-3
1.82
2.22
0.02
0.06
2.30
0.08
0.06
105
14-4
2.67
3.25
0.01
0.05
3.31
0.06
0.03
103
15-1
0.08
0.75
0.01
0.11
0.87
0.05
0.02
86
15-2
0.02
0.25
0.01
0.19
0.45
0.02
0.01
104
15-3
0.01
0.26
0.01
0.26
0.53
0.02
0.01
102
15—4
0.01
0.22
0.01
0.04
0.27
0.01
(0.01
103
16—1
0.01
0.34
0.01
0.16
0.51
0.02
0.01
87
16-2
0.01
0.19
0.09
0.09
0.36
0.02
0.01
106
16-3
0.01
0.20
0.08
0.64
0.92
0.02
0.01
106
16—4
0.01
0.23
0.01
1.40
1.64
0.03
0.02
109
17—1
0.01
0.37
0.01
0.07
0.45
0.02
0.01
96
17-2
0.01
0.46
0.01
1.31
1.78
0.01
0.01
96
17-3
0.01
0.24
0.01
1.88
2.13
0.01
0.01
99
17—4
0.01
0.27
0.03
1.90
2.20
0.01
0.01
99
18-1
1.67
2.34
0.02
0.32
2.68
0.32
0.25
91
18—2
0.96
1.46
0.05
1.17
2.68
0.15
0.10
97
18-3
1.79
2.18
0.00
0.25
2.78
0.14
0.11
104
18‘4
0.15
1.25
0.05
2.87
4.17
0.23
0.19
107
1
0
8
 
  
TABLE 34 (Cont'd) AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 6, 1976)
WELL
SODIUM
POTASSIUM
CALCIUM
MAGNESIUM
SULPHATE
IPON
TOTAL ORGANIC
POINT
(as Na)
(as K)
(as Ca)
(as Mg)
(as $04)
(as Fe)
CAFBON
63
96
86
106
104
6
1
109
111
108
101
12
1
7
1
46
42
3
4
18
16
2
0
2
5
4
5
5
0
147
23
55
0.94
92
138
22
42
0.28
91
136
25
39
0.84
02
151
18
39
0.28
123
124
17
38
0.84
111
124
30
39
0.37
90
149
21
24
0.25
133
147
21
21
0.15
131
145
23
20
0.17
125
132
27
34
0.49
114
143
24
13
0.36
148
142
26
52
0.17
108
186
23
57
0.60
111
182
23
62
0.63
106
155
26
60
0.06
82
148
27
63
1.04
82
158
28
55
0.27
76
159
28
69
0.59
78
137
17
49
0.09
114
114
16
‘
49
0.83
67
172
32
54
0.32
111
v
o
O
l
v
I
a
I
I
1
0
9
o
l
I
O
H
H
N
H
N
M
H
N
M
Q
‘
H
H
H
N
H
H
N
H
H
H
H
I
I
I
o
l
I
—
I
N
N
M
M
M
V
‘
V
V
‘
V
'
L
D
Q
N
F
G
O
N
G
O
H
o
m
<
3
r
4
h
r
ﬁ
<
r
u
n
o
c
n
o
a
m
r
\
r
4
C
r
4
<
r
o
a
o
<
¢
a
3
m
o
r
a
r
i
c
r
4
r
4
0
1
H
<
3
p
4
a
n
r
+
H
r
A
r
4
~
+
N
c
u
r
+
H
I
I
N
M
t
—
I
v
—
l
r
-
I
r
-
I
o
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TABLE 34 (Cont'd)
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES
(SITE 6, 1976)
WELL
SODIUM
POTASSIUM
CALCIUM
MAGNESIUM
SULPHATE
IRON
TOTAL ORGANIC
POINT
(as Na)
(as K)
(as Ca)
(as Mg)
(as 804)
(as Fe)
CARBON
14-1
43
135
16
27
0.35
89
14-2
102 140 21 37 0.10 115
14-3
109
144
19
27
~.
0.10
129
14-4
106
141
20
14
0.25
125
15-1
32
197
20
92
0.69
93
15-2
57
159
21
56
0.78
99
15-3
57
160
23
55
0.32
105
15-4
76
148
24
44
0.03
112
16-1
38
188
25
72
0.23
105
16-2
57
153
26
49
0.59
102
16-3
58
157
25
48
0.71
107
16-4
72
152
27
45
0.73
113
17-1
27
168
24
64
0.29
90
17-2
28
159
26
61
0.04
90
17-3
29
159
26
60
0.06
89
17-4
28
163
27
60
0.08
85
18-1
42
140
21
46
0.62
83
18-2
36
152
23
50
0.46
88
18-3
36
157
25
57
0.25
91
18-4
36
158
26
60
0.35
89
o
.
o
o
o
o
o
o
o
1
1
0
Q
‘
K
D
K
D
H
K
O
O
H
L
D
O
N
L
O
H
M
N
M
M
F
M
Q
‘
F
O
M
H
H
N
H
H
H
H
H
H
H
H
H
H
H
H
M
M
N
N
o
* Well point 1-1 designates well point 1, Level 1
(See Table 33).
All concentrations
in mg/L.
Alkalinity
varied
from 250
—
650 mg/L
as CaC03.
pH varied
from 7.3
to
8.1.
.Conductivity varied from 820 to 1330
umhos/cm.
Sampling Dates: Sept. 22, Oct. 25 and Dec. 1 in 1976. Number of samples = 3.
-—---—~1
TABLE 35 AVERAGE CHEMICAL DATA ON SEPTIC TANK EFFLUENT
SAMPLES (SITE 6)
 
Parameter
Average
Concentration
(mgﬂ;)
Nitrogen (as N)
Ammonia 59
Total Kjeldahl 71 j
Nitrite 0.03 :
Nitrate 0.13
Phosphorus (as P)
  
Total 8.8
Soluble 7.1
Chloride (as C1) 124
Sodium (as Na) 172
Potassium (as K) 21
Magnesium (as Mg) 26
Iron (as Fe) 1.2'
Calcium (as Ca) 48
Sulphate (as $04) 37
Hardness (as CaCO3) 228
Alkalinity (as CaCO3) - 599
Total Carbon 243
Total Organic Carbon 100
 
Conductivity varied from 1480 to 1600 umhos/cm and
pH varied from 7.6 to 8.0.
Sampling
Dates:
June
15,
16,
18,
19,
20,
21
in
1976.
Number of samples = 6.
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ground water system. At this site, the chloride concentration
in the ground water was quite high, and in some locations, the
concentration was almost as high as that in the septic tank
effluent. Because of the slow ground water velocity in the
clayey soil and the high concentration of chloride in the
ground water, the mixing ratio would probably be close to zero.
However, in the actual calculations of the percentage, the value
of the mixing ratio was conservatively assumed to be one. The
overall percentage of attenuation was obtained by averaging the
results of individual well points. In order to get a better idea
of the pollutant attenuation the calculations were performed
using (i) the average data obtained in 1976; (ii) the data obtain—
ed on October 25, 1976; and (iii) the data obtained on May 4 and
July 12 of 1977. The results are presented in Table 36.
4.6.4 Discussion of Results
 
The concentration of phosphorus (P) in the ground water
on the down-gradient side of the tile field was generally very
low, suggesting a largesorption of P by the soil. However, the
concentration of P at well point 6 (Fig. 17) was much higher than
the concentration in the other well points because well point 6
was located very close to the tile trench.
The concentration
of ammonia or nitrate was relatively high at the points located
in the tile field e.g. points 6 and 13.
For the points in the
vicinity of the tile field, on the down—gradient side, the
concentration of nitrate was generally less than 10 mg/L.
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 TABLE
36
PERCENTAGE
OF
ATTENUATION
OF
POLLUTANTS
(SITE 6)
 
Percentage of Attenuation
 
ParamEter
Average
October
25
May
4
July
12
1976
1976
1977
1977
Phosphorus
98
99
99
96
Nitrogen
9O
87
85
78
Sodium
46
29
49
47
Potassium
85
91
82
73
Sulphate O 2 - _
Magnesium 7 7 _ _
Iron 49 50 _ _
 
»
‘-
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In some locations, the concentrations of chloride, sodium
calcium, magnesium and sulphate in the ground water were very
high (see Table 34) and these high values probably occurred
naturally because of existing hydrogeological conditions at
the site and/or the proximity of neighbouring disposal systems.
The concentration of total organic carbon in the ground water
was also very high and was probably due to the natural soil
conditions.
The chemical test data indicated that the contamina—
tion of ground water extended to a depth of about 2 m below the
water table. For ammonia and nitrate, the main contaminated
zone was located just beneath the water table; however, for
other pollutants (with the exception of phosphorus), no distinct
pattern in the distribution of the pollutants was observed.
Bacteriological test data are presented in Table 37.
On the first day of ground water sampling the coliform counts
were quite high, which was probably the result of contamination
introduced by augering the holes and installing the well points.
Subsequently, the coliform counts in most of the well points
became lower. Generally, the well points located close to the
tile field (points 3 to 6 and 18) had high coliform counts;
however, points 7 to 10 had lower levels of coliform counts,
probably due to the relatively smaller quantity of flow of
septic tank effluent to that part of the tile field. The conta-
mination in well points 12 and 14 was probably from the neigh-
bouring systems on the south side of the property line. Well points
1, 15, 16 & 17 contained relatively low densities of fecal coliform
114
  
  
1
1
5
TA
BL
E
37
BACTERIOLOGICAL DATA ON GROUNDWATER SAMPLES
(SITE
6)
 
WELL
POINT
September 22, 1976
October 25, 1976
becember l, 1976
FC
*
TC*
FS* FC TC FS
FC TC
(
0
F
L
:
1**
N
M
Q
M
O
N
O
O
O
‘
C
H
N
M
Q
‘
W
O
N
Q
H
H
H
r
—
l
r
-
i
r
-
d
I
-
I
I
-
I
H
2
0
120
4
0
630
800
4,300
7
6
100
700
2,900
‘ 16
100
3
0
2
0
8
0
2,100
 
60
0
2,800
590
530,000
8,000
160,000
190
600
1,400
7,0
00
37,000
160
5,600
6,600
3,100
14,300
20,000
10
120
< 4
3
2
<10
56
60
16
2
4
4
0
3,4
00
30
180
16
20
< 4
676
 
<10
4
0
556
1,800
600
3,0
00
<10
<
4
<10
1
2
< 4
8
0
<10
70
3
0
2,700
100
50
0
9,0
00
20,000
31,
000
270,000
5,0
00
1,800
1,300
3,7
00
40
0
14,000
8,000
16,000
8,000
25,000
<10
<
1
0
30
<10
<1
0
10
<
4
470
< 4
< 4
8
0
<10
1
2
< 4
77
0
 
< 4 <4
<
4
20
4
110
28 ‘ 1,000
250
4,000
9,
00
0
<
4
1
0
0
<
4
10
<
4
310
24 200
4 2,000
< 4
20
<10 160,000
<10
600
<
4
1
0
0
36
20
0
20
200
<
T
<
f
<
r
<
f
<
r
<
r
<
f
<
f
V
<
T
V
<10
<10
<1
0
1
0
<10
< 4
< 4
<10
*
*
Organisms
per
100
ml
water.
FC
=
Fecal
Coliforms
**
All samples were taken from level 1 of well points.
TC
=
Total
Coliforms
FS = Fecal Streptococci
  
  
suggesting minimal contamination from the system to these
well points. At this site, the interpretation of the test
data was rather difficult because of the combined influence
of the neighbouring systems. On the basis of the limited
bacteriological data, it appears that, if points are not
located too close to the disposal systems (points 1, 15, 16
& 17), the bacteriological contamination from the tile field
system would be insignificant.
Generally, no difficulties were experienced by the
users of the septic tank—tile field system and no surface
ponding of septic tank effluent was ever observed in the tile
field area during the investigations in 1976 and 1977.
4.7 Site 7
4.7.1 Site and System
Site 7 was located approximately 2 km north of‘Iilton,
in an area primarily consisting of cornfields and pastures.
The soil stratigraphy, on the site, consisted of a
thin layer of top soil overlying 2 m of clayey silt and traces
of sand and fine gravel and underlain by a layer of densely
packed silt and gravel. The silt and gravel layer was so compact
that it was not possible to penetrate it with a power auger.
The clayey silt soil was composed of 18 to 25% clay, 52% silt,
21 to 25% sand and 2 to 5% fine gravel. The liquid limit was
30 and the plastic limit was 19.
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 The topography of the site was quite flat with a very _H
gentle dip in the westerly direction. The water table was
located at a depth of about 0.2 m below the ground surface at
a distance of 3 m from the tile field area. The effluent from
the septic tank was ponded on the ground surface in some areas
above the tile field.
The septic tank and tile field system was constructed
in 1967 and served two adults and three children. The system
g
consisted of a 3410 L septic tank connected to five rows of clay
tiles totalling 61 m in length (Figure 18). The depth of the
tiles was 0.25 m. The direction of the ground water flow wasmainly
in the west direction.
4.7.2 Instrumentation and Monitoring
Well points of types "B" and "C" (Fig. 2) were installed
at various locations around the tile field area and the elevations
of these well points are contained in Table 38.
Ground water samples for chemical and bacteriological
analyses were taken from these points on three separate occasions
(September 20, October 21, November 15 in 1976) before a new and
larger tile field was constructed to replace the old tile field
which was frequently ponded with septic tank effluent.
In August of 1976, samples were taken from the septic
tank outlet for seven days. An automatic sampler was used to
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 TABLE
38
WELL POINT
ELEVATIONS
(SITE
7)
ELEVATION (m)*
  
WELL GROUND WATER TABLE SET OF PERFORATIONS
POINT SURFACE 7640—21 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 E
1 29.75 29.52 29.47 29.01 28.56 28.10
2 29.71 29.47 29.38 28.92 28.47 28.01 1
3 29.69 29.46 29.42 28.97 28.51 28.05 1
4 29.65 29.52 29.41 28.95 28.50 28.04 i
' 5 29.61 29.48 29.35 28.90 28.44 27.98 ‘
6 29.65 — 29.36 28.91 28.45 27.99
7 29.64 29.18 28.24
8 29.84 29.19 28.36
9 29.71 29.46 28.82 28.20
10 29.70 29.30 28.57 27.88
11 29.69 28.90 28.79 28.16
12 29.75 28.95 29.22 28.80
* Bench mark elevation assumed equal to 30.48 m (100 ft).
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take the samples on an hourly basis.
These samples were then
mixed and submitted for analyses as composite samples.
Also,
samples taken in one day were mixed and tested for the metal
.
concentrations.
4.7.3
Experimental
Results
and
Analysis
A
summary
of
the
chemical
test
data on
the
ground water
samples
are
presented
in
Table
39.
The
results
of
the
chemical
analyses
of
the
septic
tank
effluent
are
summarized
in
Tables
40
and 41.
The
percentage
attenuation
of
pollutants
by
the
clayey
soil
at
the
site
was
calculated
using
the
envelope
passing
through
well
points
1
to
6
(Figure
18).
At
this
site,
the
concentrations
of
chloride
and
sodium
were
very
high
because
of
the
usage
of
a
water
softener
in
the
household.
Consequently,
it
was
very
difficult
to calculate
the
mixing
ratio
(QO/Qi)
using
the
chloride
concentrations.
However,
because
the
septic
tank
effluent
was
ponded
in
the
tile
field
area
and
the
effluent
seeping
through
the
soil
was
mainly
above
water
table,
the
assumption
of
little
dilution
in
the
wastewater
was
quite
reasonable.
Furthermore,
the
sub—soil
was
not
too
per-
meable
and
the
flow
rate
of
water
though
the
soil
was
very
low.
Therefore,
in
the
computations
of
the
attenuation
percentages
of
pollutants,
the
mixing
ratios
were
assumed
to
be
zero
and
one.
As
indicated
in
Table
42,
a
lower
attenuation
percentage
was
obtained
for
a
larger
value
of
mixing
ratio.
It
was
assumed
that
the
mixing
ratio
equal
to
one
would
yield
a
conservative
estimate
of
the
per-
centages
of
attenuation.
In
Table
42,
the
percentage
of
attenuation
of
several
pollutants
is
summarized.
120
  
TABLE 39
AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES
(SITE 7, 1976)
 
NITROGEN
(as N)
PHOSPHORUS
(as P)
WELL
TOTAL
TOTAL
CHLORIDE
POINT
AMMONIA
KJELDAHL
NITRITE
NITPATE
NITROGEN
TOTAL
SOLUBLE
(as C1)
0.27
2.42
0.03
1.39
3.84
0.54
0.40
200
0.38
1.73
0.07
1.22
3.02
0.37
0.29
286
0.46
1.57
0.06
0.76
2.39
0.30
0.25
277
0.01
1.02
0.02
2.53
3.57
0.68
0.49
317
0.28
1.70
0.04
1.34
3.08
0.36
0.26
382
0.13
1.08
0.03
0.62
1.73
0.24
0.18
293
0.11
1.26
0.03
1.54
2.83
0.21
0.13
296
<
0.01
2.03
0.06
2.85
4.94
0.10
0.02
373
0.02
0.42
0.13
5.41
5.96
0.02
0.02
574
0.05
0.41
0.09
7.15
7.65
0.03
0.01
529
< 0.01
0.57
0.08
16.90
17.55
0.04
0.01
586
12.00
14.90
0.10
6.23
21.23
6.35
5.50
872
7.43
8.08
0.31
14.70
23.09
3.68
3.28
874
6.43
7.67
0.89
16.03
24.59
4.56
3.83
865
2.55
5.33
0.03
V20.40
25.76
0.96
0.78
390
0.23
1.50
0.19
11.60
13.29
0.73
0.58
379
0.12
0.97
0.13
14.23
15.33
0.42
0.34
452
0.67
1.56
0.16
5.50
7.22
0.22
0.20
417
0.09
0.55
0.02
17.90
18.47
0.05
0.06
364
0.23
0.65
0.01
11.49
12.14
0.03
0.10
353
0.16
0.75
0.01
1.43
2.18
0.02
0.08
463
< 0.01
0.34
0.03
16.57
16.94
0.03
0.01
368
0.03
0.69
0.02
0.95
1.66
0.05
0.01
151
0.04
0.19
0.02
6.08
6.29
0.02
(0.01
693
0.20
0.20
0.16
4.20
4.56
0.02
(0.01
766
0.04
0.47
0.29
5.44
6.20
0.03
(0.01
673
0.02
1.19
<
0.01
6.65
7.85
0.05
(0.01
574
10‘2
0.04
0.17
0.30
5.63
6.10
0.03
(0.01
641
0.01
0.22
< 0.01
1.32
1.55
0.04
0.02
253
0.01
0.39
0.02
1.60
2.01
0.02
(0.01
442
0.01
0.10
0.01
1.30
1.41
(0.01
<0.01
300
0.01
0.40
0.01
0.10
0.51
0.04
0.06
71
0.01
0.16
0.01
0.58
0.75
0.02
(0.01
430
r
-
I
N
M
r
—
I
v
a
'
I
—
I
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 TABLE
39 (Co
nt'd)
AVERAG
E CHEM
ICAL D
ATA ON
GROUND
WATER
SAMPLE
S (SI
TE 7,
1976)
WELL
SODIUM
POTASSI
UM CA
LCIUM
MAGNESI
UM SUL
PHATE
IRON T
OTAL OR
GANIC
POINT
(as Na)
(as K)
(as Ca)
(as Mg)
(as 804)
(as Fe)
CARBON
 
1
2
2
153
192
193
155
199
20
8
185
258
369
3
6
2
38
8
488
482
465
223
219
258
272
289
297
373
353
1
9
137
16
0
15
1
153
122
11—
33
11—2
40
12-1
22
12—2
15
12-3
25
o
75 15 31 0.35 30
116
20
38
0.24
30
111 15 33 0.38 25
161 26 63 0.06 26
134 19 72 0.80 22
128 19 63 0.31 19
126 15 70 0.24 19
116 18 64 0.28 23
175 32 92 0.07 18
156 27 71 0.14 14
173 20 57 0.12 11
161
31
32
0.07
16
179 30 33 0.17 14
171 30 31 0.20 33
153 22 40 0.08 14
126 15 47 0.25 17
153 17 52 0.05 23
148 20 78 0.32 17
158 16 94 0.30 11
155 17 83 0.98 17
165 18
94 0.38
18
131 19
103 0.78
11
102 20 30 0.62 17
960 364 118 0.38 9
312 112
110 0.45
0
712 188
88 - 0.34
11
810 203
108 0.09
18
684 188 101 0.20 23
691 107
156 0.15
6
732 97
156 0.08
10
1463 185
145 0.23
9
_ _ 15 _
998 563
126 0.18
25
.
.
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Alkalinity varied from 133 to 600 mg/I.(as CaCO3)
pH varied from 6.9 to 8.0
Conductivity varied from 550 to 3900 (umhos/cm) All concentrations in mg/L.
Sampling
Dates:
Sept.
20,
Oct.
21,
Nov.
15
in
1976.
Number
of
samples
=
3.
  
TABLE 40 AVERAGE CHEMICAL TEST DATA ON SEPTIC TANK
EFFLUENT SAMPLES (SITE 7)
 
Parameter Average Concentration (mg/L)
Nitrogen (as N)
Ammonia 39
Total Kjeldahl 57
Nitrite 0.01
Nitrate 0.1
Phosphorus (as P)
To
ta
l
20
So
lu
bl
e
16
Chloride (as Cl) 322*
Sodium (as Na) 241*
Potassium (as K) 17
Magnesium (as Mg) 45
Iro
n
(as
Fe)
0.3
4
Calcium (as Ca) 74
Sulphate (as 804) 45
Hardness (as CaCO3) 368
Alkalinity (as CaCO3) 541
Total Carbon 199
Total Organic Carbon 75
Conductivity varied from 1750 to 2500 umhos/cm and
pH varied from 7.2 to 7.7.
* Water softener backwash (NaCl regeneration) was
discharged into the septic tank.
Sampling Dates: July 12, 13, 14, 15, 16, 17, 18 in 1976.
Number of samples = 7.
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 TABLE 41
CONCENTRATION OF METALS IN SEPTIC
TANK EFFLUENT SAMPLES (SITE 7)
  
Parameter
Concentration (mg/L)
1
Zinc
0-05
g
!
Copper
0.03
I
Nickel 0.02
Lead < 0.02
Cadmium < 0.01
Chromium 0-02
Manganese 0.03
Arsenic 0.003
Selenium < 0'001
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TABLE 42 PERCENTAGE OF ATTENUATION OF POLLUTANTS
(SITE 7, 1976)
  
Percentage of Attenuation
Parameter
 
3 Sept. 21 Oct. 22 Oct. 22 Nov. 15
f R = 1* R = 0 R = 1 R = 1
Phosphorus 87 89 79 92
I Nitrogen 76 79 60 65
E
‘ Sodium — — - —
Potassium 32 71 48 60
; Sulphate O O ‘0 O
1‘
Magnesium 40 40 20 38 ?
1
Iron 0 21 O O
* R denotes assumed mixing ratio (see Section 3.1)
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 4.7.4 Discussion of Results
 
It was found at the time of the investigation that
th
e
se
pt
ic
ta
nk
ef
fl
ue
nt
wa
s
po
nd
ed
in
so
me
ar
ea
s
ab
ov
e
th
e
til
e
fie
ld.
The
mai
n r
eas
ons
for
the
fai
lur
e
wer
e
pro
bab
ly:
(i)
poo
r
per
mea
bil
ity
cha
rac
ter
ist
ics
of
the
soi
l
and
(ii
)
poor surface drainage.
The failure of the tile field was reflected by the
hig
h c
onc
ent
rat
ion
of
pol
lut
ant
s i
n t
he
wel
l p
oin
ts
loc
ate
d
imm
edi
ate
ly
on
the
dow
n—g
rad
ien
t
sid
e
of
the
til
e
fie
ld.
How
-
ever
, t
his
was
onl
y a
loc
ali
zed
sit
uat
ion
.
On
the
ave
rag
e,
the
att
enu
ati
on
of
pho
sph
rou
s a
nd
nit
rog
en
by
the
soi
l w
as
qui
te
high (80%—9OZ range) even though the tile field did not funct—
ion satisfactorily. The attenuation of potassium and magnes-
ium
was
mod
era
te
(40
—50
% r
ang
e).
The
per
cen
tag
e o
f a
tte
nua
tio
n
of sodium was not calculated because of the unusually high
con
cen
tra
tio
n o
f s
odi
um
in
the
sep
tic
tan
k e
ffl
uen
t a
nd
in
the
ground water.
Nitrogen in the ground water was in the form of nitrate
and total kjeldahl nitrogen. The concentration of nitrate in
the ground water about 3 m from the tile field was greater than
10 mg/L. However, at the distance of 10 m from the tile field,
the concentration of nitrate was reduced to a level less than
10 mg/L by dilution.
The high concentration of calcium and magnesium in the
ground water in well points 9 to 12 was probably the result of
contamination from the fertilizer in the vegetable garden.
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 Referring to Table 43, on the first sampling date,
the counts of all three indicator bacteria were very high.
This was probably the result of contamination introduced to
the well points at the time of angering the holes and instal—
ling the well points. Subsequently, the ground water in the
well points was pumped out several times in an attempt to
clean the well points prior to further sampling. As a result,
the counts of all indicator bacteria in the ground water
generally decreased during subsequent sampling dates, particu—
larly at well points 9 to 12. Further, it can also be noted
that the bacterial levels in the ground water were lower at a
distance of 10 m (e.g. points 9 to 12) from the tile field than
3 m (points 2, 3, 4 etc.) from the tile field.
From the limited test data on this site, it was conclud-
ed that at a distance of 10 m from the tile field, the bacterio-
logical contamination was minimal. However, on several occasions,
the tile field was ponded on the surface which might cause a
local public healthhazard.
4.8 Site 8
4.8.1 Site and System
 
This site was located approximately 2 km west of
Thornhill in the Town of Vaughan. The general area was lightly
populated and mainly used for agricultural purposes Such as grain
and pasture lands. The site sloped gently towards the west.
The soil at the test site consisted of about 15 cm of
organic top soil underlain by a clayey silt deposit containing
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 TA
BL
E
43
BAC
TER
IOL
OGI
CAL
DAT
A O
N G
ROU
NDW
ATE
R S
AMP
LES
(SIT
E 7)
WELL
POI
NT
Septe
mber
21, 1
976
Oct
obe
r 2
1,
197
6
Nov
emb
er
15,
197
6
FC *
TC*
FS*
FC
TC
FS
FC
TC
FS
lid:
N
r
)
<
-
m
m
N
<
n
a
0
r
4
1
2
8
r
—
i
N
H
H
14,
000
10
,6
00
2,000
40,000
20,000
2,900
7,
00
0
1,800
40
0
90
0
70
0
 
3
4
0
,
0
0
0
2,500
,000
30
,0
00
16
,0
00
,0
00
17
0,
00
0
15
,0
00
18
0,
00
0
54,
000
2,2
00
2,500
3,1
00
32
,0
00
141
,00
0
1,0
00
50
0,
00
0
6,0
00
1,8
00
3,3
00
<
1
0
0
200
20
1
0
 
1,2
30
4,6
00
12
8
60
0
1,300
100
210
7
2
< 4
< 4
16
136
270
,00
0
131
,00
0
38
,0
00
90
,0
00
10
0,
00
0
2,000
3,0
00
3,
30
0
280
<
10
2,300
53
0
>1,
500
>1,
500
41
6
>6
00
>600
100
67
0
228
36
4
< 4
< 4
 
200
3
0
1
0
<1
00
20
10
0
<100
1,0
00
50
0
<
10
200
1,1
00
150
100
200
80
7
0
<
10
<
10
<100
<
1,
00
0
<1
00
<1
0,
00
0
<
1,000
<100
<100
<100
<100
<1
00
<1
00
<100
 
*
Org
ani
sms
per
100
m1.
FC
= F
eca
l C
oli
for
ms
**
All
sam
ple
s w
ere
tak
en
fro
m l
eve
l 1
of
wel
l p
oin
ts
TC
= T
ota
l C
oli
for
ms
(See
Tab
le
38)
F8 Fecal
Strep
tococ
ci
 41
to
42
%
cla
y,
40
to
45
%
si
lt
an
d
12
to
l7
Z
san
d.
Th
e
li
qu
id
lim
it
of
the
soi
l
was
32
and
the
pla
sti
c
lim
it
was
16.
The
dep
th
of
the
wat
er
tab
le
in
the
vic
ini
ty
of
the
til
e
fie
ld
var
ied
fro
m 0
.5
to
1 m
dep
end
ing
on
the
sea
son
s
an
d
the
gr
ou
nd
wa
te
r
fl
ow
ed
to
the
so
ut
hw
es
t,
aw
ay
fr
om
th
e
tile field.
The
sep
tic
tan
k-t
ile
fie
ld
sys
tem
(Fi
gur
e
19)
was
con
str
uct
ed
in
195
2 a
nd
con
sis
ted
of
a
340
0
L s
ept
ic
tan
k
con
—
nec
ted
to
fiv
e r
ows
of
cla
y t
ile
s l
oca
ted
0.5
m b
elo
w t
he
gro
und
Sur
fac
e
and
hav
ing
104
m
(34
0
ft)
in
tot
al
len
gth
.
The
sys
tem
ser
ved
a
tot
al
of
fiv
e
peo
ple
(2
adu
lts
and
3 c
hil
dre
n).
4.8.2 Instrumentation andlionitoring
In
Jun
e o
f
197
6,
gro
und
wat
er
sam
pli
ng
poi
nts
wer
e i
n-
sta
lle
d o
n t
he
dow
n-g
rad
ien
t s
ide
of
the
til
e f
iel
d s
yst
em
(Fi
gur
e
19)
.
The
se
wel
l
poi
nts
wer
e
Typ
es
"B"
and
"C"
(Fi
g.
2).
Ele
vat
ion
s o
f t
hes
e w
ell
poi
nts
are
con
tai
ned
in
Tab
le
44.
Aft
er
the
wel
l
poi
nts
wer
e
ins
tal
led
,
gro
und
wat
er
in
the
wel
l
poi
nts
was
pum
ped
out
sev
era
l
tim
es
bef
ore
the
reg
ula
r
sam
pli
ng
pro
gra
mme
was
sta
rte
d.
In
197
6,
gro
und
wat
er
sam
ple
s
wer
e t
ake
n o
n S
ept
.
30,
Oct
.
21
and
Nov
.
15
and
in
197
7 o
n
April 25 and July 19.
Sam
pli
ng
of
the
sep
tic
tan
k
eff
lue
nt
was
car
rie
d
out
on
a
ran
dom
bas
is
usi
ng
a
len
gth
of
pol
yet
hyl
ene
tub
ing
whi
ch
129
  
 (8
31JS)
WELSAS
dO
inOAVW
GNV
SiNlOd
713M
do
SNO|1V001=61
3809|d
 
2
|
 
2 |
bl
o
h
o
w
o
n
.
0
t.——:T——L.———|
83813N6
9
C
0
BWVOS
3
E
O
t
O
O
/
/
/
/
/
/
/
//// ////
r
/
/
/
/
/
/
’
k
,
”
’
/
/
/
/
/
"
I
I
f
,
‘
Y
’
”
/
’
/
/
”
”
’
_
/
|
I
,
/
/
/
r-
/
"
/
L
’
/
”
\
\
\
\
\
\
\
\
\vx
Rﬁ§
M
)
 
133! OS
02
0|
0
SlNIOd 113M 0
 
G
N
3
9
3
1
N
3
O
U
V
9
3
1
8
V
1
3
9
3
A
1
3
0
  
    
TABLE 44 WELL POINT ELEVATIONS (SITE 8)
—- ELEVXEION (m)*
WELL —E§66§D WATER TABLE _*—_-é——§E¥-OE PEEEOPATIONS
POINT SURFACE 7640-21 LEVEL—1 LEVEL 2 LEVEL 3 LEVEL 4
g 1 29.81 28.91 28.87 28.41 27.95 27.49
I 2 29.68 28.82 29.33 28.87 28.41 27.95
‘ 3 29.65 28.65 28.55 27.23
4 29.69 28.55 29.31 28.85 28.40 27.94
5 29.57 28.48 28.50 27.90 27.43
6 29.27 28.71 28.66 28.21 27.75 27.29
7 29.29 28.47 28.05 27.44
8 29.30 28.53 28.39 27.85 27.40 26.89
9 29.21 28.58 28.30 27.87 27.41 26.93
10 29.31 28.61 28.58
11 29.33 28.59 28.51 27.63
12 29.00 28.10 27.93 27.73
13 29.32 28.56 28.33 28.00
14 29.47 28.65 28.58 28.23
 
_——--__.__—__—.r~—. -..—-._........_._.-w“_—— _.— Mm...—
 
7" Bench mark elevation assumed equal to 30.48 m (100 ft).
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was inserted into one of the rows of tiles*.
4.8.3 Experimental Results and Analysis
The
che
mic
al
ana
lys
is
res
ult
s
of
the
gro
und
wat
er
sam
ple
s
are
tab
ula
ted
in
Tab
les
45
and
46.
The
res
ult
s o
f c
hem
ica
l
tes
ts
on
the
sep
tic
tan
k e
ffl
uen
t s
amp
les
are
sum
mar
ize
d i
n
 
Table 47.
In
the
cal
cul
ati
ons
of
the
per
cen
tag
e
of
att
enu
ati
on
of
pol
lut
ant
s,
the
env
elo
pe
pas
sin
g
thr
oug
h
wel
l
poi
nts
2 t
o
10
(Fi
gur
e
18)
was
use
d.
On
the
bas
is
of
the
chl
ori
de
con
cen
tra
t-
ions, the mixing ratio(QO/Qi) was calculated and was found to be much
less
tha
n o
ne.
As
a c
ons
erv
ati
ve
est
ima
te
of
the
per
cen
tag
e
of
att
enu
ati
on,
the
mix
ing
rat
io
was
ass
ume
d t
o b
e o
ne
in
the
att
enu
ati
on
ana
lys
iS.
The
cal
cul
ati
ons
wer
e d
one
for
thr
ee
dif
fer
ent
set
s o
f d
ata
obt
ain
ed
in
1976
and
for
the
ave
rag
e d
ata
obtained in 1977. The results are summarized in Table 48.
These data suggested that the attenuation of pollutants was
reasonably consistent over the period of study.
4.8.4 Discussion of Results
 
At this site, the attenuation of phosphorus, nitrogen
and potassium was excellent (>’90%) while the attenuation of
sodium, iron and magnesium was moderate (20 to 50%). The con-
centration of phosphorus in the ground water was extremely
low, (usually 0.01 mg/L) indicating a very good attentuation by
the soil. The concentration of nitrate exceeded 10 mgﬁL in some
well points located about 5 m from the tile field on the down—gradient
* It was not possible to obtain permission to take
samples from the septic tank,
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 TABLE 45 AVERAGE CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 8, 1976)
 
NITPCCFN (as N)
FPOSPPOWUS (as P)
WELL
TOT%T‘
TCTAI
CF
POINT AMMONIA KJEFDAPL HITPITE NITPATE FITPOGFN TOTAL FCLUEFF (
1
3
3
5.84
6.09
0.05
0.33
0.43
0.21
0.17
13
4.33
5.38
< 0.01
0.02
0.02
0.04
<0.01
20
1.23
0.01
< 0.01
<
0.01
0.01
<0.01
31
0.06
0.30
0.03
0.28
0.34
<0.01
<0.01
35
0.05
0.05
0.01
0.01
0.01
0.04
0.01
130
0.02
o
0.01
<
0.01
<
0.01
0.02
<0.01
121
0.02
0.26
0.01
0.04
0.04
0.04
0.01
126
0.02
0.19
0.01
0.06
0.06
0.02
0.01
125
0.02
0,02
0.01
14.45
14.47
0.03
<0.01
140
0.03
0,15
0.04
1.36
1.44
<0.01
<0.01
195
0.01
0.25
0.01
0.70
0.72
<0.01
<0.01
173
< 0.01
0.23
0.04
0.55
0.63
<0.01
<0.01
160
0.03
0.28
0.03
3.35
3.41
<0.01
<0.01
179
0.01
0.17
<
0.01
4.15
4.15
0.01
<0.01
207
<
0.01
o
0.01
1.88
1.88
<0.01
<0.01
195
0.01
0.14
< 0.01
8.90
8.90
<0.01
<0.01
172
6.70
14.10
0.10
4.05
4.05
0.24
0.23
148
0.09
0.38
0.02
2.20
2.24
0.02
<0.01
149
0.03
1.93
0.02
3.80
3.84
0.02
<0.01
158
0.03
0.35
0.02
3.20
3.24
0.02
<0.01
156
0.03
0.23
0.03
10.59
10.85
<0.01
<0.01
146
< 0.01
0.19
<
0.01
5.99
6.18
<0.01
<0.01
138
0.09
0.38
0.05
0.64
1.07
0.01
<0.01
115
0.01
0
0.01
0.24
0.48
<0.01
<0.01
106
0.01
o
0.01
0.34
0.58
<0.01
<0.01
108
< 0.01
0.25
< 0.01
0.32
0.57
<0.01
<0.01
107
1.19
1.64
0.02
1.65
3.51
0.01
<0.01
107
0.07
0.38
0.01
1.40
1.79
<0.01
<0.01
106
0.01
0.28
0.01
2.55
2.83
0.01
<0.01
107
0.12
0.53
0.01
3.36
3.90
0.02
<0.01
106
V
O
o
n
C
r
-
1
I
I
V
V
V
V
V
V
v
<
1
"
0
N
r
—
1
O
O
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
I
V
VN
n
V
V
<
1
“
N
O
V
H
C
N
W
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V
r
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C
Q
U
7
H
(
V
F
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¢
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C
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L
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3
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D
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~
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D
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 TABLE 45 (Cont'd)
Timan (as N)
PPOSPHORUS (as p)
TCTAI
CHLCR
O
S
WELL
TOTAT
PFANI
NITPITE
NITPATF
NITPOCPN
TOTAL
SOLUPIF
POINT
AMMONIA
KJF
10—1
0.01
0.25
11—1
<
0.01
0.
11-2
< 0.01
0.12
12-1
0.01
0.13
13-1
0.02
0.25
13-2
< 0.01
0.24
14~1
< 0.01
0.26
14’2
0.01
0.13
0.01
3.25
0.01
0.10
0.01 2.04
0.01
0.39
0.01
0.42
0.01
0.13
0.01
0.42
0.01
0.27
C
“
0
<0.01
<0.01
2
2
<0.01
<0.01
6
<0.01
<0.01
.52
<0.01
<0.01
<0.01 <0.01
.37 0.01 <0.01
0.0:
<0.01
.45 0.01 <0.01
I
—
1
r
—
1
r
—
1
)
L
D
N
F
—
i
:
L
ﬂ
C
u
m
0
\
K
1
7
O
4
1
.
)
o
m
(
\
K
.
I
M
C
C
N
C
C
J
‘
C
)
H
C
L
\
0
I
Q
V
V
V
V
V
V
V
V
c
a
m
p
1
3
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TABLE 45
(Cont'd)
AVERAGE C
HEMICAL D
ATA ON GR
OUNDWATER
SAMPLES.
(SITE 8,
1976)
 
  
WELL SODIUM
POTASSIUM CA
LCIUM MAGNES
IUM SULPHATE
IRON TOTAL O
RGANIC
POINT (as
Na) (as K)
(as Ca) (as
Mg) (as 804)
(as Fe) CARB
ON
1
3
5
 
11
1
2
1
2
1
2
53
4
2
3
2
50
3
8
2
7
7
1
8
3
49
28
45
35
8
6
7
1
5
5
5
6
75
4
9
7
7
7
2
81
81
73
8
3
79
8
4
135
17
27
0.05
17
138
19
23
0.09
18
144
22
22
0.08
13
130
23
27
0.27
11
163
18
50
0.78
8
190
18
58
0.52
18
181
22
58
1.08
20
193
21
70
1.42
13
186
34
93
1.12
11
184
42
100
0.18
10
165
20
85
0.25
13
159
17
71
0.07
10
180
30
80
0.10
11
203
43
97
0.29
10
197
28
91
0.23
10
189
37
78
0.12
9
159
16
113
0.24
10
141
17
68
0.52
11
152
21
61
0.68
11
149
22
61
0.55
7
124
18
_
51
0.16
11
133
24
50
0.15
7
130
16
37
0.21
7
142
21
38
0.12
15
137
17
37
0.18
17
149
16
37
0.07
13
141
15
57
0.19
16
149
16
60
0.06
16
145 17 60 0.43 15
143
18
66
0.61
14
0
l
o
l
|
H
H
r
—
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ﬂ
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TABLE 45 (Cont'd)
 
 
SELL
SzDI
Ub
POTA
C”IU
P
CAIC
IU‘
Sb;
LEI
:ttA
L OH
GAEI
C
( 8
)
”’ "
A
L
i
P’TIr
T’l
(as
Na)
(as
Ca)
(as
:5)
Fe)
cm
rm
  
10—1‘
14
0.6
133
18
49
11~
1
17
0.9
165
3
7O
11~2
14
1.0
‘154
3C
62
13
0.4
154
23
5?
4
153
21
7O
6
196
27
88
19
0.7
179
16
Q5
‘
5
182
20
77
1
1
1
2
1
2
1
2
1
4
2
1
H
\
,
J
t
o
<
1
'
C
O
C
c
U
‘
C
H
C
U
3
r
—
‘
1
0
C
L
F
‘
a
O
C
O
O
C
O
C
C
Z
‘
t
<
4
“
C
;
Alkalinity varied
from 248 to 260 m
g/L (as CaCO3).
pH varied
from 7.2
to 7.8.
Conductivity vari
ed from 700 to 13
60 Umhos/ch
Sampling Dates: S
ept. 30, Oct. 21
and Nov. 15 in 19
76.
Number of samples = 3.
All co
ncentr
ations
in mg/
L.
 TABLE 46 CHEMICAL DATA ON GROUNDWATER SAMPLES (SITE 8, 1977)
 
NITROGEN (as N)
PUOSPHORUS (as p)
WELL
TOTAL
TOTAL
CHLOPIDF
POINT AMMONIA KJELDAHL NITRITE NITFATE NITPOGEN TOTAL SOLUBLE (as C1)
1
3
7
0.26 1.03 < 0.01 0.65 1.68 0.03 (0.01 21
0.69 1.24 < 0.01 0.15 1.39 0.04 (0.01 85
0.02 0.15 0.01 12.10 12.25 (0.01 (0.01 133
0.06 0.32 0.05 10.51 10.83 (0.01 (0.01 130
0.01 0.18 < 0.01 7.55 7.73 (0.01 (0.01 186
0.12 0.39 7 0.11 3.62 4.12 0.02 (0.01 130
0.01 0.23 0.02 6.60 6.85 0.01 (0.01 107
0.01 0.25 0.42 4.78 4.45 (0.01 (0.01 105
0.49 0.87 0.03 6.62 7.52 0.06 0.03 89
1.06 1.42 0.02 0.32 1.76 0.12 0.06 4
< 0.01 0.24 < 0.01 9.55 9.79 0.02 (0.01 39
H
v
a
m
L
o
ﬁ
m
G
‘
O
m
H
H
 
WELL SODIUM POTASSIUM TOTAL ORGANIC
POINT (as Na) (as K) CARBON
9
3
2
3
8
89
35
44
5
6
78
6
2
3
1
2
9
7
9
4
9
2
103
8
3
80
8
2
1
0
0
9
3
5
6
7
9
O
c
v
c
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m
t
n
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a
v
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<
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t
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q
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<
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(
D
H
H
r
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Conductivity varied from 280 to 1420 umhos/cm. Sampling Dates: Apr. 25 and July 19, 1977-
Samples from each level of the well points were proportionally combined. All concentrations in mg/L.
 
 TA
BL
E
47
AV
ER
AG
E
CH
EM
IC
AL
DA
TA
ON
SE
PT
IC
TA
NK
EF
FL
UE
NT
SAMPLES (SITE 8)
 
Parameter . Average Concentration (mg/L)
Nitrogen (as N)
Am
mo
ni
a
10
4.
1
To
ta
l
Kj
el
da
hl
11
6.
8
Ni
tr
it
e
0.
82
Ni
tr
at
e
0.
2
Phosphorus (as P)
To
ta
l
18
.1
So
lu
bl
e
12
.8
Chloride (as Cl) 111-9
So
di
um
(a
s
Na
)
14
2.
3
Po
ta
ss
iu
m
(a
s
K)
31
.6
Mag
nes
ium
(as
Mg)
37-
9
Ir
on
(as
Fe)
2.
1
Cal
ciu
m
(as
Ca)
117
.1
Su
lp
ha
te
(a
s
50
4)
32
.3
Ha
rd
ne
ss
(a
s
Ca
CO
3)
44
5.
1
Al
ka
li
ni
ty
(a
s
Ca
CO
B)
99
1.
5
To
ta
l
Ca
rb
on
35
1.
1
Total Organic Carbon 180-1
Conductivity varied from 1850 to 2270 umhos/cm and pH
varied from 7.3 to 7.9.
Sampling Dates: Aug. 25, Sept. l3, 15, 17, 20, 21, 29;
Oct. 21 in 1976.
Number of samples = 8.
138
 TABLE 48 PERCENTAGE OF ATTENUATION OF POLLUTANTS (SITE 8)
Percentage of Attenuation
Parameter Average
Sept. 30 Oct. 21 Nov. 15 Apr.26 & July 19
1976 1976 1976 1977
Phosphorus 99 99 99 99
Nitrogen 95 93 91 94
Sodium 49 52 42 62
Potassium 93 97 91 96
Sulphates O O O —
Magnesium 21 24 0 —
Iron 52 68 50 —
139
 
 si
de
,
bu
t
th
e
co
nc
en
tr
at
io
n
wa
s
re
du
ce
d
to
le
ss
th
an
10
mg
/L
at
a
di
st
an
ce
of
13
m
fr
om
th
e
ti
le
fi
el
d.
Th
e
co
nc
en
tr
at
io
n
of
ch
lo
ri
de
in
th
e
gr
ou
nd
wa
te
r
wa
s
so
me
ti
me
s
gr
ea
te
r
th
an
th
at
in
the
sep
tic
tan
k
eff
lue
nt
and
was
pro
bab
ly
a r
esu
lt
of
som
e
chl
ori
de
inp
ut
fro
m
hig
hwa
y d
e—i
cin
g
ope
rat
ion
s.
The
con
cen
tra
—
tio
ns
of
cal
ciu
m a
nd
sul
pha
te
in
the
gro
und
wat
er
wer
e
hig
her
tha
n t
hos
e i
n t
he
sep
tic
tan
k e
ffl
uen
t,
whi
ch
was
pro
bab
ly
the
result of local soil and hydrological conditions.
Table 49 summarizes the bacteriological data for three
sampling dates. The coliform counts were highon the first
sampling date, which mighthave been due to some contamination
in the well points introduced at the time of augering the holes
and installing the well points. The coliform counts were much
lower on the second and third sampling dates indicating a
minimal bacteriological contamination from this tile field. The
counts of indicator bacteria were generally low at well points 11
to 14, all located at a distance of approximately 13 m from the
tile field on the down—gradient side.
4.9 Site 9
4.9.1 Site and System
Site 9 was located on the Severn River approximately
4 km northeast of Washago, Ontario. The area was highly developed
for permanent and seasonal dwellings.
The soil stratigraphy on the site consisted of a thin
layer of topsoil underlain by a stratum of sandy silt to clayey
140
 
 TAB
LE
49
BAC
TER
IOL
OGI
CAL
DAT
A O
N G
ROU
NDW
ATE
R S
AMP
LES
(SIT
E 8
)
WEL
L
A
Sep
tem
ber
30,
197
6
Oct
obe
r 2
1,
197
6
May
26,
197
7
POINT
FC*
TC*
FS*
FC
TC
FS
FC
TC
FS
1**
20,
000
70,
000
4,4
00
<
4
104
,00
0
124
<10
0
<1,
000
100
2
10
80
10
<10
0
1,3
00
<10
0
<10
0
2,0
00
<10
0
3
<10
120
<10
<
4
700
<
4
< 1
0
30
< 1
0
4
200
400
36
28
4,4
00
44
< 1
0
600
10
5
144
1,3
00
730
4
100
<
4
< 1
0
7O
30
6
450
1,5
00
90
<
4
330
<
4
10
100
210
7
10
1,8
00
80
8
30
'
<
4
352
16,
000
5
8
196
160
12
20
84,
000
>60
0
<
4
70
20
9
400
33,
000
30
12
4,6
00
148
—
—
-
10
320
10,
000
70
<
4
50
<
4
< 1
0
<10
0
< 1
0
11
10
440
,00
0
>60
0
<
4
200
<
4
< 1
0
<1,
000
< 1
0
12
-
-
-
-
—
—
< 1
0
100
< 1
0
'13
—
—
—
<
4
7,0
00
'
<10
0
< 1
0
100
10
14
-
—
—
-
-
—
< 2
0
200
620
1
4
1
    
* o
rgani
sms P
er 10
0 ml
water
-
FC =
Fecal
Colif
orms
TC =
Total
Colif
orms
FS =
Fecal
Strep
tococ
ci
**
All
sampl
es we
re t
aken
from
Level
1 of
wellp
oints
(see
Table
44).
  
 silt. The sandy silt material was composed of about 9% clay,
75% silt and 16% sand. The clayey silt material had about 31%
clay, 57% silt and 12% sand with liquid limit equal to 30 and
plastic limit equal to 16. The thickness of this soil layer
varied depending on the elevation ofthe underlying bedrock.
The septic tank-tile field system on the site was
constructed in 1971 and served a household of four people. The
septic tank had a capacity of 4500 L and was located about
1.5 m above the tiles. The tile field was located in a raised
sand bed constructed partly over a granite outcrop with imported
fill. The fill consisted mainly of sand (90%) and traces of
silt and fine gravel. The total length of the clay tile was
160 meters and was equally divided into seven rows. The depth of
the tiles was 0.2 m below the ground surface.
Figure 20 shows the location of the private waste
disposal system and the topography of the site. Ground water on
the site seeped in an easterly direction from the tile field
to the river. The water table was approximately 1 m below the
ground surface.
4.9.2 Instrumentation and Monitoring
 
Preliminary investigations such as the locating of tiles,
the determination of the depth of the water table, the direction
of the ground water flow and soil borings for the determination
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 of subsoil conditions were completed in June, 1976. In July,
1976 ground water well points were installed around the tile
field at distances of 3 m and 15 m on the down—gradient side.
The well points were of Type "B" and "C" construction.
Elevations of these well points are presented in Table 50.
Water samples for chemical and bacteriological tests were taken
on four occasions (October 19, November 8 of 1976 and May 11,
June 23 of 1977). In July and September of 1976, composite
samples of septic tank effluent were taken from the septic tank
outlet.
4.9.3 Experimental Results and Analysis
The test results on the septic tank effluent samples
are presented in Table 51. The average chemical data of 1976 and
May 11, 1977 are summarized in Tables 52 and 53 respectively.
The bacteriological data are contained in Table 54.
The percentage attenuation of different pollutants by
soils was calculated using the chemical results of 1976 and 1977.
The envelope used in the analysis was the one passing through
points 1 to 10
(Figure 20)
and the results are summarized in
Table 55.
4.9.4 Discussion of Results
 
As indicated in Table 55, the attenuation of phosphorus,
nitrogen,
potassium
and
sodium
by
the
sand
in
the
raised
bed
and
by
the
silty
soil
adjacent
to
be
raised
bed
was
very
good.
This
is
in general
agreement with
the
findings
at other
sites.
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TABLE
50
WELL POINT
ELEVATIONS
(SITE 9)
‘- ELEV;;ION (m)* -7-
WELL GROUND WATER TABLE -SET OF PERFOPATIONS
POINT SURFACE 7640—19 EEvEE—E——LEVEL 2 LEVEL 3 LEVEL 4
1 29.75 29.12 27.91
2 29.75 29.40 28.33 27.87 27.42 26.96
3 29.58 29.15 28.53 28.07 27.61 27.16
4 29.47 28.91 28.44 27.98 27.52 27.07
5 29.33 28.72 28.49 28.03 27.58 27.12
6 29.10 28.43 28.21 27.76 27.30 26.84
7 28.88 28.11 27.91 27.45 27.00 26.54
8 28.55 27.93 27.66 27.21 26.75 26.29
9 28.64 27.72 26.28
10 28.61 27.87 26.73 26.30
11 27.97 27.26 25.73 25.32 24.91
12 27.96 27.42 26.38 25.98 25.58
13 28.29 27.90 26.81 25.73
14 28.68 28.20 27.51 26.76 26.07
15
28.65
27.99
27.20
26.65
26.13
7’:
Bench mark
elevation
assumed
equal
to
30.48 m
(100 ft).
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A
V
E
R
A
G
E
C
H
E
M
I
C
A
L
D
A
T
A
O
N
S
E
P
T
I
C
T
A
N
K
E
F
F
L
U
E
N
T
SAMPLES (SITE 9)
 
Pa
ra
me
te
r
Av
er
ag
e
Co
nc
en
tr
at
io
n
(m
g/
L)
Nitrogen (as N)
Am
mo
ni
a
67
.9
To
ta
l
Kj
el
da
hl
83
.1
Ni
tr
it
e
0.
2
Ni
tr
at
e
.1
Phosphorus (as P)
To
ta
l
10
.6
So
lu
bl
e
8.
7
Ch
lo
ri
de
(a
s
Cl
)
84
.3
So
di
um
(a
s
Na
)
68
.1
Po
ta
ss
iu
m
(a
s
K)
23
.9
Ma
gn
es
iu
m
(a
s
Mg
)
14
.8
Ir
on
(a
s
Fe
)
1.
1
Ca
lc
iu
m
(a
s
Ca
)
32
.9
su
lp
ha
te
(a
s
S0
4)
43
.0
Ha
rd
ne
ss
(a
s
Ca
C0
3)
14
3.
3
Al
ka
li
ni
ty
(a
s
Ca
C0
3)
38
4.
1
To
ta
l
Ca
rb
on
21
7.
6
To
ta
l
Or
ga
ni
c
Ca
rb
on
10
5-
3
Co
nd
uc
ti
vi
ty
va
ri
ed
fr
om
10
20
to
13
20
um
ho
s/
cm
an
d
pH varied from 6.9 to 8.0.
Sam
pli
ng
Dat
es:
Jul
y 2
3,
23,
Sep
t.
9,
10,
11,
13,
14,
and
15
in
1976.
Number of samples = 8.
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'I
"
.
1
4
.
0.
06
0
0.
14
0.
36
0.
83
0.
03
0.
03
36
0
0
0.
04
1
0
0
33
35
0.
01
0.
99
1.
35
0.
03
0.
03
45
.2
7
0.
01
0.
75
1.
03
0.
29
0.
02
41
4
6
2
7
0.
01
0.
37
1.
84
0.
04
0.
03
31
0.
02
0.
01
0.
03
0.
31
0.
01
<0
.0
1
35
0.
04
.2
6
0.
03
0.
01
0.
30
0.
03
0.
02
39
0.0
7
0.3
4
0.0
2
0.0
4
0.4
0
0.0
6
0.0
5
39
3.
87
5.
40
<
0.
01
0.
01
5.
40
0.
15
0.
04
33
0.1
6
0.3
2
0.0
2
0.0
2
0.3
6
0.0
7
0.0
5
35
0.
17
0.
17
0.
05
0.
29
0.
51
0.
14
0.
11
43
0.0
6
0.1
4
0.0
2
0.1
1
0.2
7
0.0
6
0.0
4
37
0.0
5
0.3
9
0.0
2
2.9
5
3.3
6
0.0
3
0.0
2
47
0.0
8
0.3
6
0.0
5
3.1
3
3.5
4
0.0
6
0.0
4
50
0.0
3
0.2
2
0.0
2
3.2
8
3.5
2
0.0
2
0.0
2
53
0.0
8
0.2
9
0.0
5
2.0
3
2.3
7
0.0
3
0.0
2
50
0.1
2
0.4
1
0.0
2
4.4
8
4.9
1
<0.
01
<0.
01
52
0.0
3
0.3
0
0.2
5
5.7
2
6.2
7
<0.
01
<0.
01
54
< 0
.01
0.3
0
0.0
5
7.2
3
7.5
8
<0.
01
<0.
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0.0
3
0.2
2
0.0
2
9.4
7
9.7
1
0.0
2
0.0
1
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<
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1
0.4
6
0.0
4
6.7
1
7.2
1
0.0
1
<0.
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45
0.0
7
0,5
4
0.0
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9
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7
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TABLE 52
(Cont'd)
NITROGEN (as N)
PHOSPHOFUS (as
P)
WELL
TOTAL
TOTAL
_ CHLORIDE
POINT AMMO
NIA KJELDAH
L NITRITE
NITRATE NITR
OGEN TOTAL
SOLUBLE (as
Cl)
___x—..—--
w
_.._.
__.__—_.—-—-___-—.—v
  
l
0.02
0.50
< 0.01
15.70
16.19
<0.01
<0.01
43
2
0.03
0.50
- 0.07
15.90
16.47
0.02
0.01
43
3
0.03
0.42
0.38
18.15
18.95
0.01
0.01
49
-4
0.07
0.47
0.43
18.75
19.65
0.03
0.02
52
1
0.09
0.25
0.03
11.80
12.08
0.01
<0.01
44
1
0.09
0.32
0.03
2.47
2.82
0.08
0.04
15
10-2
0.20
0.32
0.02
2.23
2.57
0.07
0.03
15
11-1
0.20
0.52
0.25
5.30
6.07
0.13
0.01
27
0.14
0.59
0.08
2.99
3.66
0.17
0.08
20
11-3
0.10
0.35
0.08
0.17
0.60
0.12
0.07
8
12-1
0.10
0.37
0.11
14.05
14.53
0.04
0.03
60
12—2
0.08
0.26
0.08
16.35
16.69
0.05
0.03
55
13—1
0.08
0.13
0.09
13.95
14.17
0.06
0.05
34
13-2
0.13
0.32
0.10
9.05
9.47
0.05
0.05
49
14—1
0.01
0.15
< 0.01
5.19
5.33
<0.01
<0.01
43
14—2
0.02
0.25
0.01
5.21
5.47
<0.01
<0.01
48
14-3
0.03
0.20
0.03
2.02
2.25
0.03
0.02
36
15-1
0.30
0.43
' 0.05
0.21
0.69 ‘ 0.17
0.16
42
15—2
0.14
0.97
0.03
0.82
1.82
.0.27
0.06
39
15-3
0.20
0.40
0.07
0.45
0.92
0.23
0.14
31
N1
H1
4
8
  
 TABLE 52
(Cont'd)
 
WELL SODIUM POTASSIUM CALCIUM MAGNESIUM SULPHATE IRON TOTAL ORGANIC
POINT
(as Na)
(as K)
(as Ca)
(as Mg)
(as 804) (as Fe)
CARBON
 
11
8
1
0
1
4
13
11
ll
1
4
1
3
1
4
10
19
17
1
6
1
5
21
2
1
2
1
2
2
1
9
2
2
2
5
26
2
5
25
24
24
18
15
18
30.00
“ 18
10
11
3.50
33
12
12
2.18
14
8
24
3.63
16
9
20
2.70
17
9
18
4.18
20
11
16
8.13
19
11
22
2.60
1
18
10
21
6.60
21
12
17
10.58
24
12
17
4.00
21
13
28
2.75
26
14
22
7.65
26
14
15
2.90
1
28
15
16
2.98
21
13
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0.53
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15
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21
0.03
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16
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TABLE 52
(Cont'd)
WEL
L
SOD
IUM
POT
ASS
IUM
CAL
CIU
M
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NES
IUM
SUL
PHA
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IRO
N
TOT
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C
POI
NT
(as
Na)
(as
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(as
Ca)
(as
Mg)
(as
804
)
(as
Fe)
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1
5
0
8 1
30
4 9
27
11
38
0.3
2
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4.9
26
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8
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3 5
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1.0
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8 4
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Alka
lini
ty v
arie
d fr
om 1
9 to
92 m
g/L
(as
CaC0
3)
pH v
arie
d f
rom
5.9
to 7
.5
Con
duc
tiv
ity
var
ied
fro
m 1
70
to
465
umh
os/
cm.
All
con
cen
tra
tio
ns
in
mg/
L.
Numbe
r of
sampl
es =
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0.
22
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0.
29
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0.
01
0.
14
0.
01
0.
11
0.
26
0.
04
0.
03
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 TABL
E 5
4
BACT
ERIO
LOGI
CAL
DATA
ON G
ROUN
DWAT
ER S
AMPL
ES
(SIT
E 9)
WELL
.
Octo
ber
19,
1976
Nove
mber
8, 1
976
May
11,
1977
POINT
FC
*
10*
FS*
FC
TC
FS
FC
TC
FS
C
)
r
“
!
8
1,0
00
36
<
4
260
< 4
<
40
< 1
0
4
400
4
<
4
150
< 4
<10
0
100
<10
0
< 1
0
19,
000
1,0
00
<10
0
3,0
00
200
<10
0
<10
0
<10
0
<
4
100
<
4
<
4
10
< 4
<10
0
<10
0
<10
0
200
4
<
4
I
110
< 4
< 1
0
630
< 1
0
>6
00
17,
200
248
<
4
18,
000
< 4
<10
0
800
<10
0
<
4
50
<
4
<
4
10
< 4
<10
0
100
<10
0
<
4
140
<
4
<
10
30
<10
<10
0
<10
0
300
< 1
0
< 1
0
10
<
4
30
<10
<
10
<
10
<
10
< 1
0
<
4
<
4
10
<10
<1o
o
<10
0
<10
0
<10
0
<10
0
1,4
00
<
4
<10
<10
—
—
—
< 1
0
80
< 1
0
< 1
0
20
<10
-
-
—
<
4
20
<
4
< 1
0
10
<10
-
—
—
128
<
4
< 1
0
<10
<10
—
—
—
72
200
<10
0
< 1
0
150
<10
—
-
—
1
5
3
NO
"
)
H
q
u
m
w
N
w
m
<
r
<
7
"
V
V
0
1
—
4
6
1
q
u
H
H
H
H
H
H
   
* Organisms per
100 mL of water
FC = Fecal Colifo
rms TC = Tot
al Coliforms
All
sam
ple
s w
ere
tak
en
fro
m L
eve
l 1
of
wel
l p
oin
ts
(see
Tab
le
50).
F8
= F
eca
l S
tre
pto
coc
ci
 
  
TABLE 55 PERCENTAGE OF ATTENTUATION OF POLLUTANTS (SITE 9)
Average
Parameter Oct. 19 & Nov. 8 May 11 June 23
1976 1977 1977
Phosphorus 99 99 99
Total Nitrogen 75 82 89
Sodium 61 70 76
Potassium 84 84 77
Sul
pha
tes
0
..
_
Mag
nes
ium
0
..
_
Iro
n
—
..
_
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Nitrogen in the ground water was mainly present in the
form of nitrate and the concentration was greater than 10 mg/L even
at points (e.g. 12 and 13) located about 11 m from the edge of the
raised bed on the down—gradient side.
The concentration of phosphorus in the ground water on the
down—gradient side of the raised bed was very low, which indicated a
very high attenuation of this pollutant by the soils.
The concentration of iron in the ground water was much higher
than the concentration in the septic tank effluent indicating an input
of iron, probably from the soil.
As indicated in Table 54, the levels of all indicator bacteria
were low at all distant well points (e.g. ll — 15) as compared to the
well points located near the tile field. At this site, the bacteriolo-
gical contamination from the raised bed did not appear to be signigicant
because the ground water samples from most well points contained low
counts of indicator bacteria.
With regard to the water—quality criteria for public surface
water supplies, the ground water on the down-gradient side of the
raised bed could be deemed unacceptable due to the high concentrations
of iron and nitrate. However, as mentioned previously, the high
concentration of iron was probably due to the soil, and was not a result
of pollution from the raised bed. Therefore, the iron contamination may
be considered only a local soil problem. As to the high concentration
of nitrate, the problem was only confinedin a small part of the ground
water system.
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 At the time of the field investigation, the septic tank
tile field system functioned quite satisfactorily and no surface
ponding in the tile field or malfunction of the septic tank was
detected.
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5. GENERAL DISCUSSION
One of the main objectives in the field studies was to use
the test data to estimate the attenuation of the pollutants by the
soils. For the nine testing sites, the attenuation percentages of a
number of pollutants were calculated and the results have been summarized
in Table 56. The amount of attenuation of a pollutant varied depending
on the pollutant, the site and the soil conditions.
5.1 Phophorus Attenuation
 
The amount of phosphorus which can be attenuated in the soil
system depends on the soil properties and the environmental factors
(e.g. moisture, oxygen, temperature in soils, climatic conditions).
Generally, soils with more clay minerals can adsorb more phosphorus.
There are basically four mechanisms in the attenuation of phophorus
in the soil system (Tofflemire et a1, 1973):
(a) rapid removal or adsorption which can be achieved by ion
exchange, chemical reaction or physical adsorption,
(b) slow mineralization and insolubilization of the rapidly
adsorbed phosphorus,
(c) plant uptake, which may be significant during the growing
season, and
(d) biological immobilization in which phosphorus is converted
by microbes from inorganic forms to insoluble forms.
The ability of the soils to attenuate phosphorus can be
evaluated by column tests*, which are quite time consuming. Alter~
natively, the phosphorus isotherm sorption tests can be used to
* A column is filled with soil and the interaction of the soil
and the phosphorus in the wastewater is studied.
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 TABLE 56 SUM
MAR
Y O
F T
HE
PER
CEN
TAG
ES
OF
ATT
ENU
ATI
ON
OF
POL
LUT
ANT
S B
Y S
OIL
S A
T 9
SIT
ES
 
Si
te
 
 
 
 
 
Pollu
tant
Avg.
al
l
sit
es
Av
g.
sites
2 to 9
Phosphorus
Nitrogen
Sod
ium
1
5
8
Potas
sium
Magne
sium
Sulp
hate
Iron
 
4
4
35
7
7
9
6
78
5
8
8O
33
5
8
9
9
65
2
9
22
2
7
l
l
24
9
9
9
9
7
2
88
9
9
7
9
ll
19
9
8
85
43
83
5
0
86
67
47
3
3
9
9
9
3
5
1
94
15
57
9
9
7
9
65
84
 
9
1
7
6
5
1
57
1
2
24
97
8
1
 
  
estimate the sorption capacity of the soils. The Langmuir isothermtest
and curves are frequently used by soil scientists to evaluate the
phosphorus sorption in soils (Olsen and Watanbe, 1957; Woodraff and
Kamprath, 1965; Syers et a1, 1973). This technique was used in testing
soil samples obtained from several of the 9 test sites in this project.
It is believed that the laboratory isotherm test values are reasonably
good estimate of the field capacity for phosphorus uptake by soils.
Table 57 is a summary of phosphorus sorption values for many different
soils (Tofflemire, et a1, 1973). As shown in the table, the sorption
values vary significantly amongst different soils.
Field studies of the attenuation of phosphorus by soils
adjacent to tile field systems have been undertaken by many investigators.
Polkowski and Boyle (1970) undertook a study on the ground water quality
adjacent to a septic tank — soil sorption system. It was found that
the average phosphorus concentration in the septic tank effluent was
5.15 mg/L, and this concentration was reduced to 0.04 mg/L in the
average ground water sample from a well approximately 4.6 m (15 ft) on
the down-gradient side of the tile field. Most well points in the
field did not have an average phosphorus concentration greater than 0.01
mg/L. It was therefore concluded that the removal of phosphorus by
the medium to coarse sand at the site was effective.
A comprehensive field study of some major soils in Wisconsin
for the sorption of septic tank effluent was conducted by Boumaand
his associates (Bouma et a1, 1972). It was found that the sorption
of phosphorus by the soil was most effective in clayey soils; however,
some of the sands studied also indicated good ability in removing
phosphorus.
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TABLE 57
RANGES OF PHOSPHORUS
FO
R
VA
RI
OU
S
SO
IL
S
(A
FT
ER
TO
FF
LE
MI
RE
ET
AL
,
 
ADSORPTION VALUES
1973)
 
Maximum Sorption Capacity
LOCATION
mg P/100 g Soil
Mi
ch
ig
an
1.
81
—
49
.0
Fl
or
id
a
Ni
l
—
28
.0
Ne
w
Br
un
sw
ic
k
22
7
-
17
60
Ne
w
Je
rs
ey
0.
16
5
—
35
5
Ma
in
e
26
—
71
13.3 — 25.9
3.8 — 51.0
New York 1 - 80
Wisconsin 2.5 — 20
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d
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%
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th
e
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e
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at
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e
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0.
2
mg
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.
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d
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c
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e
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e
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at
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e
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d
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at
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re
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r
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c
k
(1
97
6)
an
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e
r
e
m
o
va
l
of
p
h
o
s
p
h
o
r
us
wa
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p
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c
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e
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e
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a
mi
xt
ur
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d
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at
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d
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d
Fi
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l,
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;
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s
an
d
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,
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69
;
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19
69
;
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ff
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et
a1
,
19
73
;
Mi
ll
et
te
,
19
74
;
Go
od
ri
ch
,
19
70
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e
re
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s
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di
ff
er
en
t
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ud
ie
s
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th
e
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va
l
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os
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iv
e
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e
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os
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ra
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ed
cl
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s
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e
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er
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co
ar
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nd
an
d
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el
fo
r
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ng
ph
os
ph
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e
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ra
l
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si
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e
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re
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ea
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an
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%.
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e
ex
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th
e
sa
nd
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so
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un
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si
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)
th
e
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5.2 Nitrogen (N) Attenuation
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e
pH
wa
s
ab
ou
t
7.
163
 
  
'O‘IBIJ 31H WOU
J EONVlSIO SA
HBLVM annous
NI (d) SﬂHOHdSO
Hd :IO NOILVEiN
SONOO l2 3309M
C’sdqew) EUNVLSIG
   
8
8
.
a
a
‘r
c i
* I
ﬁt 1“
"!
'
.2
S
s
g
9
Z
I
5
5 a E
e
L
2
g 8
Z 9 21. L
a 5
A
a
I
“2
L L
“#9?
1
6
4
1
1
B
n
N
SEEB
WHN B
US 3
8V $
838W
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I
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1
/
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S
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i
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The
cap
aci
ty
of
the
soi
ls
for
rem
ovi
ng
nit
rog
en
can
be
eva
lua
ted
in
the
lab
ora
tor
y
by
mix
ing
nit
rog
en—
bea
rin
g
sol
uti
ons
and
the
soi
ls
(ja
r t
est
s).
Alt
ern
ati
vel
y,
the
sol
uti
on
can
be
fil
ter
ed
thr
oug
h s
oil
columns (Preul andSchroepfer, 1968).
In
add
iti
on
to
the
rem
ova
l o
f n
itr
oge
n b
y s
oil
sor
pti
on,
(fi
xat
ion
by
cla
y,
ads
orp
tio
n b
y
org
ani
c
mat
ter
,
ads
orp
tio
n b
y
soi
l
cat
ion
sit
es)
nit
rog
en
can
be
rem
ove
d b
y p
lan
t
upt
ake
,
by
den
itr
ify
ing
bac
ter
ia
and
by
the
inc
orp
ora
tio
n
int
o m
icr
obe
s
(La
nce
,
197
5).
The
att
enu
ati
on
of
nit
rog
en
by
soi
ls
in
til
e
fie
ld
sys
tem
s
and
in
gro
und
wat
er
sys
tem
s
has
bee
n
stu
die
d
by
man
y
inv
est
iga
tor
s.
For
 
exa
mpl
e,
nit
rog
en
tra
nsf
orm
ati
ons
dur
ing
sub
sur
fac
e
dis
pos
al
of
sep
tic
tan
k e
ffl
uen
ts
in
san
ds
wer
e
inv
est
iga
ted
by
Wal
ker
et
al
(19
73a
)
in
fiv
e
til
e f
iel
ds
in
Wis
con
sin
.
Fro
m t
he
che
mic
al
tes
t
res
ult
s
on
soi
l
sam
ple
s,
it
was
fou
nd
tha
t
the
sor
pti
on
of
amm
oni
a
too
k p
lac
e m
ain
ly
in
the
soi
l a
few
cm
bel
ow
the
"cr
ust
"
zon
e
in
the
til
e
tre
nch
es.
In
all
aer
obi
c
sub
sur
fac
e
bed
s
exa
min
ed,
nit
rif
ica
tio
n
of
amm
oni
a
to
nit
rat
e
occ
urr
ed
in
the
uns
atu
rat
ed
sub
cru
st
soi
l
wit
hin
abo
ut
2 c
m o
f
the
"cr
ust
".
In
con
jun
cti
on
wit
h t
he
inv
est
iga
tio
n o
f t
he
soi
ls,
the
nit
rog
en
in
the
gro
und
wat
er
adj
ace
nt
to
the
sys
tem
s w
as
stu
die
d (
Wal
ker
et
al,
197
3b)
.
The
con
cen
tra
tio
n o
f n
itr
ate
in
the
gro
und
wat
er
on
the
dow
n—
gra
die
nt
sid
e
of
the
sys
tem
s
was
fou
nd
to
be
qui
te
hig
h,
and
in
som
e
cas
es,
the
con
cen
tra
tio
n w
as
nea
r
10
mg/
L
(as
N)
at
a d
ist
anc
e
of
70
m.
The
dis
tan
ce
fro
m t
he
til
e f
iel
d a
t w
hic
h t
he
con
cen
tra
tio
n
of
nit
rat
e i
n t
he
gro
und
wat
er
is
red
uce
d t
o l
ess
tha
n 1
0 m
g/L
var
ies
 
dep
end
ing
on
the
soi
l a
nd
hyd
rog
eol
ogi
cal
con
dit
ion
s o
f t
he
ind
ivi
dua
l
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i
t
e
s
.
P
r
e
u
l
(
1
9
6
6
)
f
o
u
n
d
t
h
a
t
t
h
e
m
e
a
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
n
i
t
r
a
t
e
w
e
r
e
l
e
s
s
t
h
a
n
1
0
m
g
/
L
(
a
s
N
)
w
i
t
h
i
n
1
2
m
f
r
o
m
t
h
e
s
y
s
t
e
m
.
O
t
h
e
r
i
n
v
e
s
t
i
g
a
t
o
r
s
(
P
o
l
k
o
w
s
k
i
a
n
d
B
o
y
l
e
,
1
9
7
0
;
D
u
d
l
e
y
a
n
d
S
t
e
p
h
e
n
s
o
n
,
1
9
7
3
)
f
o
u
n
d
t
h
a
t
t
h
i
s
d
i
s
t
a
n
c
e
v
a
r
i
e
d
f
r
o
m
6
t
o
12
m.
T
h
e
m
e
a
s
u
r
e
m
e
n
t
o
f
n
i
t
r
a
t
e
i
n
t
h
e
g
r
o
u
n
d
w
a
t
e
r
o
b
t
a
i
n
e
d
i
n
t
h
i
s
I
J
C
/
P
L
U
A
R
G
s
t
u
d
y
w
e
r
e
p
l
o
t
t
e
d
a
g
a
i
n
s
t
t
h
e
d
i
s
t
a
n
c
e
f
r
o
m
t
h
e
t
i
l
e
f
i
e
l
d
s
(
F
i
g
u
r
e
2
2
)
.
I
n
s
i
t
e
2,
a
t
t
h
e
d
i
s
t
a
n
c
e
o
f
2
8
m
,
t
h
e
c
o
n
c
e
n
t
r
a
—
t
i
o
n
o
f
n
i
t
r
a
t
e
w
a
s
s
t
i
l
l
a
s
h
i
g
h
a
s
1
0
m
g
/
L
.
T
h
e
a
t
t
e
n
u
a
t
i
o
n
o
f
n
i
t
r
o
g
e
n
b
y
t
h
e
s
o
i
l
s
a
t
m
o
s
t
s
i
t
e
s
a
s
d
e
t
e
r
m
i
n
e
d
f
r
o
m
t
h
e
f
i
e
l
d
s
t
u
d
i
e
s
w
a
s
n
o
t
a
s
g
o
o
d
a
s
p
h
o
s
p
h
o
r
u
s
(
>
9
O
Z
)
;
h
o
w
e
v
e
r
,
i
t
w
a
s
s
t
i
l
l
q
u
i
t
e
s
u
b
s
t
a
n
t
i
a
l
(
a
b
o
u
t
8
0
%
)
.
A
g
a
i
n
,
a
t
s
i
t
e
1,
t
h
e
a
t
t
e
n
u
a
t
i
o
n
o
f
n
i
t
r
o
g
e
n
w
a
s
p
o
o
r
a
n
d
w
a
s
p
r
o
b
a
b
l
y
d
u
e
t
o
t
h
e
c
o
m
b
i
n
e
d
e
f
f
e
c
t
s
o
f
t
h
e
s
o
i
l
p
r
o
p
e
r
t
i
e
s
a
n
d
t
h
e
a
g
e
o
f
t
h
e
d
i
s
p
o
s
a
l
s
y
s
t
e
m
.
5
.
3
B
a
c
t
e
r
i
o
l
o
g
i
c
a
l
C
o
n
t
a
m
i
n
a
t
i
o
n
o
f
G
r
o
u
n
d
W
a
t
e
r
T
h
e
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
g
r
o
u
n
d
w
a
t
e
r
b
y
s
e
p
t
i
c
t
a
n
k
e
f
f
l
u
e
n
t
h
a
s
b
e
e
n
s
t
u
d
i
e
d
b
y
a
n
u
m
b
e
r
o
f
i
n
v
e
s
t
i
g
a
t
o
r
s
.
B
o
u
m
a
e
t
a
1
(
1
9
7
2
)
s
t
u
d
i
e
d
1
9
c
o
n
v
e
n
t
i
o
n
a
l
s
u
b
s
u
r
f
a
c
e
s
o
i
l
d
i
s
p
o
s
a
l
s
y
s
t
e
m
s
b
y
t
e
s
t
i
n
g
t
h
e
s
o
i
l
s
a
m
p
l
e
s
t
a
k
e
n
b
e
n
e
a
t
h
t
h
e
t
i
l
e
f
i
e
l
d
s
a
n
d
a
n
a
l
y
z
i
n
g
t
h
e
g
r
o
u
n
d
w
a
t
e
r
o
n
t
h
e
d
o
w
n
—
g
r
a
d
i
e
n
t
s
i
d
e
of
t
h
e
w
a
s
t
e
d
i
s
p
o
s
a
l
s
y
s
t
e
m
s
.
T
h
e
c
o
u
n
t
s
o
f
t
o
t
a
l
c
o
l
i
f
o
r
m
s
(
T
C
)
,
f
e
c
a
l
c
o
l
i
f
o
r
m
s
(F
C)
a
n
d
f
e
c
a
l
s
t
r
e
p
t
o
—
c
o
c
c
i
(F
S)
w
e
r
e
u
s
e
d
as
i
n
d
i
c
a
t
o
r
s
of
t
h
e
p
o
s
s
i
b
l
e
p
r
e
s
e
n
c
e
of
h
u
m
a
n
p
a
t
h
o
g
e
n
s
,
i.
e.
S
a
l
m
o
n
e
l
l
a
sp
p.
,
S
h
i
g
e
l
l
a
sp
p.
,
et
c.
I
n
o
n
e
of
t
h
e
s
e
p
t
i
c
t
a
n
k
s
s
t
u
d
i
e
d
,
t
h
e
t
o
t
a
l
c
o
l
i
f
o
r
m
c
o
u
n
t
s
w
e
r
e
_
2
2
x
10
4
p
e
r
ml
,
f
e
c
a
l
c
o
l
i
-
f
o
r
m
s
w
e
r
e
4
0
x
1
0
3
p
e
r
m
1
a
n
d
f
e
c
a
l
s
t
r
e
p
t
o
c
o
c
c
i
w
e
r
e
1
3
0
p
e
r
m
l
in
t
h
e
e
f
f
l
u
e
n
t
.
T
h
e
h
i
g
h
c
o
u
n
t
s
of
b
a
c
t
e
r
i
a
in
t
h
e
s
e
p
t
i
c
t
a
n
k
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{
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m
m
H
)
0
22
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.
a
s
 
.‘L
(
1
/
8
“
)
E
i
V
B
i
I
N
:
I
O
N
O
I
i
V
B
i
N
B
Q
N
D
D
1
6
7
I
—eff
lue
nt
wer
e
als
o
sub
sta
nti
ate
d
by
oth
er
res
ear
che
rs
(Zi
ebe
ll
et
a1,
197
4;
Bra
nde
s,
197
6;
Cho
wdh
ry,
197
7).
How
eve
r,
in
the
soi
l
sam
ple
s
obt
ain
ed
by
exc
ava
tin
g
ben
eat
h
the
til
e
tre
nch
es,
ver
y
low
cou
nts
of
TC,
FC,
and
FS
wer
e f
oun
d,
whi
ch
wou
ld
sug
ges
t t
hat
all
thr
ee
of
the
se
ind
ica
tor
bac
ter
ia
wer
e r
emo
ved
by
one
or
mor
e o
f t
he
fol
low
ing
mechanisms:
(i)
sor
pti
on
to
soi
l p
art
icl
es
by
sur
fac
e t
ens
ion
,
(ii) attack by soil bacteria,
(iii) straining action of the soil, and
 
(iv
) d
ete
rio
rat
ion
of
con
dit
ion
s
(ox
yge
n,
pH,
foo
d s
upp
ly,
etc.) for survival of bacteria with depth.
Bou
ma
et
a1
(197
2)
als
o f
oun
d t
hat
the
gro
und
wat
er
sam
ple
s
obta
ined
on t
he d
own—
grad
ient
side
of t
he s
yste
ms s
howe
d lo
w de
nsit
ies
of these indicator bacteria.
Brandes (1973) conducted a similar study on the bacteriological
cont
amin
atio
n of
the
grou
nd w
ater
adja
cent
to s
epti
c ta
nk—t
ile
fiel
d_
systems and found very low counts of fecal coliforms about 10m from
the tile fields. Reneau and Pettry (1975) studied the movement of
total and fecal coliform bacteria from septic tank effluent through three
Virginia Coastal Plain soils over a 2—year period. It was found that
gene
rall
y th
e mo
st—p
roba
ble—
numb
ers
(MPN
) of
both
tota
l an
d fe
cal
coliforms decreased significantly with horizontal distance and depth.
At t
he G
olds
boro
and
Belt
svil
le s
ites
larg
e re
duct
ions
in b
oth
tota
l an
d
fecal coliforms counts were observed within a distance of 13.5 m. The
authors concluded that coliform bacteria would not likely move into the
permanent ground water system.
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Chowdhry (1977) studied the treatment efficiency of septic
tank
effl
uent
by a
numb
er o
f un
derd
rain
ed s
oil
filt
ers
in W
hitb
y, O
ntar
io.
It
was
fou
nd
tha
t t
her
e w
as
a l
arg
e r
edu
cti
on
of
tot
al
and
fec
al
coli
form
s in
the
effl
uent
afte
r pe
rcol
atin
g th
roug
h th
e so
il f
ilte
rs.
In m
ost
case
s,
the
MPN
of f
ecal
coli
form
s wa
s <
100/
100
m1 d
urin
g 50
%
of the time. (below PSWS Standards (Appendix 1))
In this project, the bacteriological data obtained from nine
fiel
d te
stin
g si
tes
were
in g
ener
al a
gree
ment
with
the
find
ings
by
prev
ious
inve
stig
ator
s.
It w
as f
ound
that
at a
dist
ance
of 1
5 m
(50
ft)
from the edge of the tile fields, the bacterial counts were very low,
suggesting minimal bacteriological contamination of the ground water.
5.4 Discussion on the Adequacy of Existing Regulations on the Design
of Septic Tank — Tile Field Systems
Figure 23 shows a typical arrangement of a septic tank system
and also the minimum required distances between the tile field and
surface waters, wells, etc. (Ontario Ministry of the Environment, 1974).
These clearance distances were recommended to avoid bacterial and chemical
contamination of the wells and to minimize eutrophication of the receiving
surface waters due to the input of nutrients from the septic tank systems.
5.4.1 Phosphorus (P)
It was found in the field study that the concentration of
phosphorus in the ground water at the distance of 15 m (50 ft) from
the tile field was very low (see Figure 21) with the exception at site 1,
where the soil was clean beach sand and the disposal system was quite
old. The literature data discussed previously also showed that in many
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FIGURE 23 TYPICAL ARRANGEMENT OF A SEPTIC TANK SYSTEM AND MINIMUM
  
 ca
se
s
st
ud
ie
d,
th
e
co
nc
en
tr
at
io
n
of
ph
os
ph
or
us
in
th
e
gr
ou
nd
wa
te
r
on
the
dow
n—g
rad
ien
t s
ide
of
the
sys
tem
s w
as
ver
y l
ow.
Thi
s c
onc
ent
rat
ion
of
pho
sph
oru
s w
ill
be
fur
the
r
dec
rea
sed
in
the
sur
fac
e w
ate
r
sys
tem
(e.
g.
lak
es,
riv
ers
)
by
the
dil
uti
on
of
the
gro
und
wat
er
wit
h
rec
eiv
ing
su
rf
ac
e
wa
te
r.
It
is
mo
st
li
ke
ly
th
at
th
is
co
nc
en
tr
at
io
n
wi
ll
be
le
ss
th
an
0.
01
mg
/L
,
a
pr
op
os
ed
cr
it
ic
al
co
nc
en
tr
at
io
n
wi
th
re
ga
rd
to
th
e
tr
op
hi
c
le
ve
l
in
la
ke
wa
te
rs
(V
ol
le
nw
ei
de
r,
19
70
).
Fu
rt
he
rm
or
e,
be
ca
us
e
th
e
se
ep
ag
e
ve
lo
ci
ty
of
th
e
gr
ou
nd
wa
te
r
is
sm
al
l
(<
0.
3
m/
d
in
mo
st
cas
es)
and
the
con
cen
tra
tio
n
of
pho
sph
oru
s
is
low
,
(e.
g.
0.5
mg/
L)
the
in
pu
t
of
ph
os
ph
or
us
to
su
rf
ac
e
wa
te
rs
is
ex
pe
ct
ed
to
be
mi
ni
ma
l.
In
a
pr
ev
io
us
di
sc
us
si
on
(S
ec
ti
on
5.
1)
it
wa
s
ex
pl
ai
ne
d
th
at
mo
st
soi
ls
are
ver
y
goo
d
mat
eri
als
for
the
sor
pti
on
of
pho
sph
oru
s;
how
eve
r,
thi
s
sor
pti
on
cap
aci
ty
can
be
exh
aus
ted
wit
h
tim
e
(Br
and
es,
et
al,
197
5).
Th
er
ef
or
e,
th
e
so
il
ad
ja
ce
nt
to
th
e
ti
le
fi
el
d
ca
n
re
mo
ve
a
ce
rt
ai
n
ma
xi
mu
m
am
ou
nt
of
ph
os
ph
or
us
in
a
ce
rt
ai
n
ti
me
pe
ri
od
.
If
th
e
am
ou
nt
of
so
il
av
ai
la
bl
e
fo
r
re
mo
vi
ng
ph
os
ph
or
us
is
in
cr
ea
se
d
(i.
e.
th
e
di
st
an
ce
be
tw
ee
n
th
e
ti
le
fi
el
d
an
d
th
e
re
ce
iv
in
g
wa
te
r
is
in
cr
ea
se
d)
,
th
e
ca
pa
ci
ty
for
phosphorus removal will be larger.
An
ex
am
pl
e
ca
lc
ul
at
io
n
il
lu
st
ra
te
s
th
e
ap
pr
ox
im
at
e
le
ng
th
of
ti
me
fo
r
th
e
ex
ha
us
ti
on
of
th
e
so
rp
ti
on
ca
pa
ci
ty
of
th
e
so
il
lo
ca
te
d
bet
wee
n
a
til
e
fie
ld
and
a r
ece
ivi
ng
bod
y
of
wat
er.
A
num
ber
of
sim
pli
—
fy
in
g
as
su
mp
ti
on
s
ar
e
ma
de
in
th
e
co
mp
ut
at
io
n:
(i)
th
er
e
ar
e
fo
ur
pe
op
le
in
th
e
ho
us
eh
ol
d
an
d
th
e
wa
te
r
consumption is 672 L/day.
(i
i)
th
e
di
st
an
ce
be
tw
ee
n
th
e
ed
ge
of
th
e
ti
le
fi
el
d
an
d
th
e
receiving water is 15 m (50 ft).
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 (i
ii
)
th
e
co
nc
en
tr
at
io
n
of
to
ta
l
ph
os
ph
or
us
in
th
e
se
pt
ic
ta
nk
effluent is 12 mg/L (as P).
(i
v)
th
e
ma
xi
mu
m
so
rp
ti
on
ca
pa
ci
ty
of
th
e
so
il
is
10
mg
pe
r
100 g of dry soil.
(v
)
th
e
ti
le
fi
el
d
ar
ea
is
93
m2
(1
00
0
sq
.f
t)
an
d
th
e
de
pt
h
of
so
il
fo
r
re
mo
vi
ng
P
is
2.
1
m
(7
ft
,
3
ft
ab
ov
e
th
e
wa
te
r
ta
bl
e
an
d
4
ft
be
lo
w
th
e
wa
te
r
ta
bl
e)
.
(v
i)
th
e
po
ll
ut
an
t
is
se
ep
in
g
th
ro
ug
h
28
3.
4
m3
of
so
il
(232.4 m2x 1.22 m = 50 ft x 50 ft x 4 ft).
(v
ii
)
th
e
dr
y
de
ns
it
y
of
th
e
so
il
is
1.
6
g/
cm
3
(1
00
lb
s/
cu
.f
t)
.
By
co
mp
ar
in
g
th
e
in
pu
t
of
ph
os
ph
or
us
an
d
th
e
ma
xi
mu
m
am
ou
nt
of
ph
os
ph
or
us
so
rb
ed
by
so
il
s,
it
wa
s
de
te
rm
in
ed
th
at
ap
pr
ox
im
at
el
y
26
ye
ar
s
wo
ul
d
be
re
qu
ir
ed
to
ex
ha
us
t
th
e
P
so
rp
ti
on
ca
pa
ci
ty
of
th
e
so
il
.
Be
ca
us
e
si
mp
li
fy
in
g
as
su
mp
ti
on
s
ar
e
ma
de
in
th
is
nu
me
ri
ca
l
ex
er
ci
se
,
th
e
re
su
lt
wo
ul
d
on
ly
be
an
in
di
ca
ti
on
of
th
e
lo
ng
pe
ri
od
of
ti
me
re
—
qu
ir
ed
to
sa
tu
ra
te
the
so
il
wi
th
ph
os
ph
or
us
.
It
sh
ou
ld
be
no
te
d
th
at
the
as
su
me
d
ma
xi
mu
m
so
rp
ti
on
ca
pa
ci
ty
of
10
mg
/l
OO
g
of
so
il
is
pr
ob
ab
ly
les
s
tha
n
the
max
imu
m
cap
aci
ty
of
mos
t
soi
ls.
For
soi
ls
wit
h h
igh
er
so
rp
ti
on
ca
pa
ci
ty
,
it
wi
ll
re
qu
ir
e
a
lo
ng
er
pe
ri
od
of
ti
me
to
de
pl
et
e
the soil's capacity for removing phosphorus.
A
mo
re
el
ab
or
at
e
ca
lc
ul
at
io
n
wa
s
pe
rf
or
me
d
by
Za
rn
et
t
(19
76)
to
est
ima
te
the
tim
e r
equ
ire
d
to
exh
aus
t
the
pho
sph
oru
s
sor
pti
on
cap
aci
ty
of
the
soi
l
adj
ace
nt
to
a t
ile
fie
ld.
It
was
fou
nd
tha
t
if
the
rat
e
of
gro
und
wat
er
mov
eme
nt
was
0.3
m/d
,
the
tim
e
for
the
soi
l
to
be
exh
aus
ted
would be 29.2 years.
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 Based on field and laboratory observations, Sawhney and Hill
(1975) hypothesized that P sorption sites in soils could be regenerated
with time. A soil that had been successively treated with P solution
in the laboratory showed reduced P sorption capacity but the capacity
to sorb P was regained after drying and wetting cycles. If this hypo—
thesis is true in the field, it would mean that soils in the tile field
area can sorb additional phosphorus even though their sorption capacity
is initially exhausted.
On the basis of the field data and the discussion presented in
this report it is concluded that the recommended distances shown in
Figure 23 are adequate for most soils to control the concentration of
phosphorus in the ground water and the input of phosphorus to surface
waters .
5.4.2 Nitrogen (N)
The concentration of nitrate in the grOund water on the down—
gradient side of tile fields is usually quite high. In this field study,
the c
oncen
trati
on at
a dis
tance
of 15
m (50
ft) w
as s
ometi
mes m
ore
than
4
10 mg/L (as N*) (Figure 22). However, it should be noted that the
ground water samples were obtained from 1 to 2.5 m below the ground water
table, where the principle mixing of the septic tank effluent and the
uncontaminated ground water took place. (Dudley and Stephenson, 1973).
If a drilled well is located according to the minimum clearance distance
(15 m) and is cased to the minimum depth of 7.5 m (25 ft) below the
ground surface, the concentration of nitrate in the ground water should
* No cases of methemoglobinemia have been reported in the U.S. from
waters containing less than 45 mg/L of nitrate as N03 or 10 mg/L
as
nit
rog
en.
The
ref
ore
, a
rec
omm
end
ed
lim
it
was
set
at
thi
s l
eve
l
in the 1962 USPHS Drinking Water Standards (Preul 1966).
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 s
e
l
d
o
m
b
e
g
r
e
a
t
e
r
t
h
a
n
1
0
m
g
/
L
.
A
s
f
o
r
a
d
u
g
w
e
l
l
,
t
h
e
m
i
n
i
m
u
m
c
l
e
a
r
a
n
c
e
d
i
s
t
a
n
c
e
is
3
0
m
(
1
0
0
f
t
)
a
n
d
w
i
t
h
m
o
r
e
d
i
l
u
t
i
o
n
b
y
t
h
e
g
r
o
u
n
d
w
a
t
e
r
f
r
o
m
t
h
e
u
p
—
g
r
a
d
i
e
n
t
s
i
d
e
o
f
t
h
e
t
i
l
e
f
i
e
l
d
,
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
n
i
t
r
a
t
e
w
o
u
l
d
l
i
k
e
l
y
b
e
d
e
c
r
e
a
s
e
d
t
o
a
l
e
v
e
l
l
e
s
s
t
h
a
n
1
0
m
g
/
L
.
A
s
i
n
d
i
c
a
t
e
d
i
n
T
a
b
l
e
5
6
,
t
h
e
a
t
t
e
n
u
a
t
i
o
n
o
f
n
i
t
r
o
g
e
n
b
y
s
o
i
l
s
w
a
s
n
o
t
a
s
g
o
o
d
a
s
p
h
o
s
p
h
o
r
u
s
.
B
e
c
a
u
s
e
t
h
e
a
m
o
u
n
t
o
f
t
o
t
a
l
n
i
t
r
o
g
e
n
i
n
t
h
e
s
e
p
t
i
c
t
a
n
k
e
f
f
l
u
e
n
t
is
s
e
v
e
r
a
l
t
i
m
e
s
g
r
e
a
t
e
r
t
h
a
n
t
h
a
t
of
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
,
it
is
e
x
p
e
c
t
e
d
t
h
a
t
a
f
a
i
r
a
m
o
u
n
t
of
n
i
t
r
o
g
e
n
w
i
l
l
b
e
t
r
a
n
s
—
p
o
r
t
e
d
to
su
rf
ac
e
wa
t
e
r
s
m
a
i
n
l
y
in
th
e
f
o
r
m
of
ni
tr
at
e.
V
o
l
l
e
n
w
e
i
d
e
r
(1
97
0)
p
r
o
p
o
s
e
d
t
h
a
t
t
h
e
c
r
i
t
i
c
a
l
s
p
r
i
n
g
t
i
m
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
i
n
o
r
g
a
n
i
c
n
i
t
r
o
g
e
n
in
an
e
n
d
a
n
g
e
r
e
d
s
ur
f
a
c
e
wa
t
e
r
w
i
t
h
r
e
g
a
r
d
s
to
it
s
t
r
o
p
h
i
c
l
e
v
e
l
w
o
u
l
d
b
e
0
.
2
m
g
/
L
to
0
.
3
m
g
/
L
.
R
e
f
e
r
r
i
n
g
to
Fi
gu
re
22
,
at
a
di
st
an
ce
of
15
m,
th
e
co
nc
en
tr
at
io
n
of
ni
tr
at
e
in
th
e
g
r
o
u
n
d
w
a
t
e
r
m
a
y
b
e
as
h
i
g
h
as
2
0
m
g
/
L
(a
s
N)
.
W
i
t
h
a
d
i
l
u
t
i
o
n
f
a
c
t
o
r
of
10
0,
th
is
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
ca
n
be
r
e
d
uc
e
d
to
0.
2
mg
/L
.
D
e
p
e
n
d
i
n
g
on
th
e
c
o
n
d
i
t
i
o
n
s
(m
or
ph
om
et
ri
c,
h
yd
r
o
l
o
g
i
c
a
l
,
cl
im
at
ic
,
et
c.
)
of
th
e
l
a
k
e
s
a
n
d
s
t
r
e
a
m
s
,
t
h
i
s
d
i
l
u
t
i
o
n
f
a
c
t
o
r
m
a
y
b
e
f
e
a
s
i
b
l
y
a
c
c
o
m
p
l
i
s
h
e
d
.
S
c
h
i
n
d
l
e
r
(1
97
7)
h
y
p
o
t
h
e
s
i
z
e
d
t
h
a
t
s
c
h
e
m
e
s
f
o
r
c
o
n
t
r
o
l
l
i
n
g
n
i
t
r
o
g
e
n
in
pu
t
to
la
ke
s
m
a
y
a
d
ve
r
s
e
l
y
a
f
f
e
c
t
w
a
t
e
r
q
ua
l
i
t
y
b
y
c
a
us
i
n
g
a
lo
w
N
/
P
(
n
i
t
r
o
g
e
n
/
p
h
o
s
p
h
o
r
us
)
ra
ti
o
an
d
th
us
fa
vo
ur
th
e
va
c
uo
l
a
t
e
,
n
i
t
r
o
g
e
n
—
f
i
x
i
n
g
b
l
u
e
—
g
r
e
e
n
al
ga
e
w
h
i
c
h
ar
e
ve
r
y
o
b
j
e
c
t
i
o
n
a
b
l
e
fr
om
th
e
s
t
a
n
d
p
o
i
n
t
of
w
a
t
e
r
qu
al
it
y.
If
th
is
h
yp
o
t
h
e
s
i
s
is
co
rr
ec
t,
it
w
o
u
l
d
s
e
e
m
th
at
th
e
in
pu
t
of
n
i
t
r
o
g
e
n
fr
om
th
e
ti
le
f
i
e
l
d
s
w
o
u
l
d
no
t
be
ob
je
ct
io
na
bl
e
fo
r
th
es
e
al
ga
e
sp
ec
ie
s.
In
ad
di
ti
on
,
ac
co
rd
in
g
to
Sc
hi
nd
—
le
r,
bi
ol
og
ic
al
me
ch
an
is
ms
ar
e
ca
pa
bl
e
of
co
rr
ec
ti
ng
th
e
al
ga
l
de
fi
ci
en
cy
 
of
n
i
t
r
o
g
e
n
in
s
ur
f
a
c
e
wa
t
e
r
s
(e
.g
.
o
b
t
a
i
n
i
n
g
n
i
t
r
o
g
e
n
f
r
o
m
th
e
a
t
m
o
s
p
h
e
r
e
)
;
174
 
  
thus, variations in nitrogen supply fromtile fields may not have
significant effects on algal growth.
From the above discussion, it can be concluded that within
the
sug
ges
ted
cle
ara
nce
dis
tan
ces
, t
he
con
cen
tra
tio
n o
f n
itr
ate
in
the
well
wate
r is
like
ly t
o be
redu
ced
to a
leve
l be
low
10 m
g/L
(as
N).
Howe
ver,
a ce
rtai
n am
ount
of n
itro
gen
inpu
t by
the
tile
fiel
d to
the
surf
ace
wat
er
can
not
be
avo
ide
d d
ue
to
the
low
att
enu
ati
on
of
nit
rat
e i
n t
he
grou
nd w
ater
syst
em.
An i
ncre
ase
in t
he d
ista
nce
betw
een
the
tile
field and the receiving body of water will further decrease the con—
cen
tra
tio
n o
f n
itr
ate
in
the
gro
und
wat
er
but
wil
l u
nli
kel
y r
edu
ce
the
loading of nitrogen.
To date, the role of nitrogen in the eutr0phication process
of surface waters is not fully understood. However, from the above
discussion it appears that with the limited input of phosphorus, the
input of nitrogen may be insignificant in the eutrophication process:
Therefore, the distance of 15 m (50 ft) between the tile field and
surface waters would seem to be adequate.
5.4.3 Chlorides, Sulphates, Potassium, Calcium, SodiumL
Magnesium and Inga
According to the criteria for public surface water supplies,
the permissible concentration of chlorides is 250 mg/L, which is
several times greater than the measured concentration in the septic
tank effluent. Therefore, the chlorides in the septic tank effluent
would not significantly affect the ground water as a source of drinking
water. Because chloride is a very soluble ion in water, it is expected
that the total amount of chlorides in the septic tank effluent will
  
—-
—
ev
en
tu
al
ly
re
ac
h
th
e
su
rf
ac
e
wa
te
r
sy
st
em
.
It
is
be
li
ev
ed
th
at
eu
tr
op
hi
ca
ti
on
of
a
su
rf
ac
e
wa
te
r
is
no
t
si
gn
if
ic
an
tl
y
ca
us
ed
or
ai
de
d
by
th
e
in
pu
t
of
ch
lo
ri
de
s.
Fi
gu
re
24
is
a
pl
ot
of
th
e
co
n—
ce
nt
ra
ti
on
vs.
the
di
st
an
ce
me
as
ur
ed
fr
om
ti
le
fi
el
ds
.
Ac
co
rd
in
g
to
th
e
fi
el
d
da
ta
,
su
lp
ha
te
s
oc
cu
r
in
a
si
gn
if
ic
an
t
co
nc
en
tr
at
io
n
in
gr
Ou
nd
wa
te
r
ad
ja
ce
nt
to
ti
le
fi
el
ds
.
Ho
we
ve
r,
th
e
co
nc
en
tr
at
io
n
is
fa
r
le
ss
th
an
the
pe
rm
is
si
bl
e
cr
it
er
io
n
of
25
0
mg
/L
in
th
e
wa
te
r
qu
al
it
y
cr
it
er
ia
fo
r
pu
bl
ic
su
rf
ac
e
wa
te
r
su
pp
li
es
.
Fi
gu
re
25
is
a
pl
ot
of
su
lp
ha
te
s
co
nc
en
tr
at
io
n
vs.
th
e
di
st
an
ce
me
as
ur
ed
fro
m t
he
til
e f
iel
ds
in
thi
s s
tudy
.
As
in
the
cas
e o
f c
hlo
rid
es,
sul
pha
tes
are
pro
bab
ly
of
lit
tle
con
cer
n
in
the
eut
rop
hic
ati
on
pro
ces
s.
Fig
ure
26
is
a p
lot
of
the
con
cen
tra
tio
n
of
pot
ass
ium
Vs.
the
dis
tan
ce
mea
sur
ed
fro
m t
ile
fie
lds
.
At
the
dis
tan
ce
of
15
m
(50
ft)
, t
he
con
cen
tra
tio
n i
s n
ot
mor
e t
han
8 m
g/L
.
Acc
ord
ing
to
Dud
ley
and
Ste
phe
nso
n
(19
73)
,
the
nat
ura
l
con
cen
tra
tio
ns
of
pot
ass
ium
in
mos
t s
urf
ace
wat
ers
are
far
gre
ate
r t
han
the
min
imu
m l
eve
ls
req
uir
ed
by
aqu
ati
c p
lan
ts
for
gro
wth
and
any
add
iti
ona
l i
npu
t o
f
pot
ass
ium
fro
m t
he
til
e f
iel
ds
wou
ld
pro
bab
ly
hav
e a
n i
nsi
gni
fic
ant
effect on plant productivity in most lakes.
In most sites studied, the concentration of calcium in
the
sep
tic
tan
k e
ffl
uen
t w
as
les
s t
han
tha
t i
n t
he
gro
und
wat
er
adj
ace
nt
to
the
til
e f
iel
ds.
The
ref
ore
, t
he
inp
ut
of
cal
ciu
m f
rom
the
sep
tic
tan
k t
o t
he
gro
und
wat
er
wou
ld
not
cau
se
any
deg
rad
ati
on
of the ground water as far as calcium is concerned.
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 Fi
gu
re
27
is
a
pl
ot
of
th
e
co
nc
en
tr
at
io
n
of
so
di
um
vs
.
th
e
di
st
an
ce
fr
om
ti
le
fi
el
ds
.
At
a
di
st
an
ce
of
15
m
(5
0
ft
),
th
e
co
nc
en
—
tr
at
io
n
wa
s
as
hi
gh
as
40
mg
/L
.
It
is
be
li
ev
ed
th
at
th
e
in
pu
t
of
so
di
um
wo
ul
d
no
t
ha
ve
an
y
si
gn
if
ic
an
t
ef
fe
ct
in
th
e
eu
tr
op
hi
ca
ti
on
pr
oc
es
s
of
su
rf
ac
e
wa
te
rs
.
Ho
we
ve
r,
ex
ce
ss
iv
e
so
di
um
in
dr
in
ki
ng
wa
te
r
(
>
20
0
mg
/L
)
ma
y
be
ha
rm
fu
l
to
pe
rs
on
s
su
ff
er
in
g
fr
om
ca
rd
ia
c,
re
na
l,
or
ci
rc
ul
at
or
y
di
se
as
es
(N
ew
Ha
mp
sh
ir
e
W.
S.
P.
C.
C.
,
197
5).
Fi
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5.4.4 BOD, SS, Alkalinity and Hardness
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the
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the ground water samples obtained from some of the test sites would
indicate a low concentration of BOD.
Alkalinity and
hardness
values
in
the
ground water
can
be quite high depending on the hydrogeological conditions of the
sites.
It
is
believed
that
the
alkalinity and
hardness
in
the
septic
tank
effluent
would
not
have
significant
effect
on
the
quality
of the ground water.
5.4.5 Bacteriological Contamination
From
the bacteriological
data of
the
ground
water
samples
obtained
from the
test
sites,
it was
found
that
at the
distance
of
15 m
from
the edge
of
the
tile
field,
the
bacteria
counts were
generally
very
low,
indicating
a
minimal
bacteriological contamination.
In
fact,
the bacterial
counts
in many
of the
ground
water
samples
obtained
at
a distance
of a
few meters
from the
tile
fields were
below the
limits
recommended
by
the Water
quality
criteria
for Public
Surface
Water Supplies.
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6. CONCLUSIONS AND RECOMMENDATIONS
 
From the field studies on nine (9) private waste disposal
systems in Ontario, a number of conclusions can be made.
(1) Based on the eight of the nine sites investigated, the
attenuation of phosphorus by the soils in the immediate
vicinity of the tile fields was generally quite high
(> 90%). At test site 1, the tile feld was installed in
1959 in a clean beach sand and the attenuation of
phosphorus by the sand was poor because of the age of the
tile field and the initial small capacity of the sand for
sorbing phosphorus.
? (2) With the exception of test site 1, the attenuation of
E nitrogen by soils in the vicinity of the tile fields was
reasonably good (80% range). This percentage attenuation
was obtained from field investigations conducted in the
 
late spring, summer and the early fall seasons and the
conditions for nitrogen removal were more favourable than
the rest of the year. Therefore, the 80% attenuation
value may be larger than the percentage for the whole year.
The nitrogen from the septic tank effluent which is not
attenuated by the soil above the water table moves into
 
the ground water systemand is present mainly in the
highly soluble nitrate form. The decrease in the concen-
tration of nitrate in the ground water likely occurs solely
by dilution.
(3) Bacteriological contamination from the tile field systems
was not significant as indicated by the low counts of
indicator bacteria in the ground water (below PSWS criteria
in most cases, see Appendix 1).
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(l)
 
(2)
(3)
(4)
 
(4) In most of the nine private waste disposal systems studied,
the quality of the ground water 15 m on the down-gradient
side of the tile field met the water quality criteria for
public surface water supplies proposed by the Ontario Ministry
of the Environment.
(5) The minimum distances between the tile field, wells, surface
waters, etc. as proposed by the Ontario Ministry of the
Environment to avoid contamination of the drinking water and
to the surface waters are not inadequate.
In practice, not every tile field system is built according to
regulations. Therefore, the remedial options for reducing
contamination from private waste disposal systems would be:
to correct unsatisfactory old systems and construct
new ones according to current regulations. This
would require more strict inspections and approvals
on the part of the regulatory agencies;
to conduct proper evaluations of the soil conditions
at the site of the proposed private waste disposal
system so that the possibility of surface pending of
septic tank effluent in the tile field area can be
minimized. This is particularly important for
potential sites underlain by fineegrained clayey soils;
to import suitable soil to build the tile field if
the on—site materials are not suitable or are not of
sufficient quantity (refer to systems at sites 5 and9);
if the soil is not removing phosphorus adequately
because of the low sorptive capacity for phosphorus,
185
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soil additives, such as red mud (tailings from
aluminum smelters) or clay soils may be added to
the natural sandy soils to improve the attenuation
of phosphorus in the soil systems (Brandes et al,
1975).
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APPENDIX 1
Excerpt from Water Quality Criteria
for Public Surface Water Supplies *
(un
les
s
oth
erw
ise
ind
ica
ted
,
uni
ts
are
mg/
L)
 
Con
sti
tue
nt
or
Per
mis
sib
le
Des
ira
ble
Cha
rac
ter
ist
ic
Cri
ter
ia
Cri
ter
ia
Inorganic Chemicals
 
Amm
oni
a
0.5
(as
N)
< 0
.01
Chl
ori
de
250
< 2
5
Har
dne
ss
Acc
ept
abl
e
lev
els
wil
l
var
y
with local hydrogeologic
Conditions and consumer
acceptance.
Iro
n
(fi
lte
rab
le)
0.3
Vir
tua
lly
abs
ent
Nit
rat
e p
lus
Nit
rit
e
10
(as
N)
Vir
tua
lly
abs
ent
pH
ran
ge
6.0
—8.
5
uni
ts
Lea
st
amo
unt
of
int
er-
ference with treatment
process.
Phosphorus
(ph
osp
hat
es)
Not
enc
our
age
gro
wth
of
algae or interfere with
treatment process.
Sul
pha
te
250
< 5
0
Microbiological
Coliform organisms
(at
35°
C)
5,0
00/
100
ml
< l
OO/
lOO
ml
Fecal coliforms 500/100 ml < 10/100 ml
(at 35° C)
Fecal Streptococci
(35
° C
)
50/
100
ml
< l
/lO
O m
l
Total Bacteria
(20
° C
)
100
,00
0/1
00
ml
< 1
,00
0/1
00
ml
Clostridra (in water)
(35
° C
)
50/
100
ml
0/1
00
ml
* Source: Guidelines and Criteria for Water Quality Management
in Ontario,Ministry of the Environment PWS—l June 1973.
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APPENDIX 2
Chemical Data on Septic Tank
Effluent Samples
In the PLUARG field studies, a total of 10 septic tank systems were
selected in 1976 for the sampling of septic—tank effluent. An automatic sampler
was used to obtain samples on an hourly basis and composite samples were formed
by mixing hourly samples which were submitted for analysis of different chem-
ical pollutants. The test results are tabulated as follows:
 
Parameter Average Concentration (mg/L)
(1) (2) (3) (4)
Nitrogen (as N)
Ammonia 28.8 66.9 38.7 63.0
Total Kjeldahl 36.6 73.4 50.9 75.1
Nitrite 0.01 0.01 0.02 0.01
Nitrate 0.1 0.1 0. 0.1
Phosphorus (as P)
Total 8.2 8.5 10.2 12.1
Soluble 6.7 7.3 8.2 9.6
Chlorides (as 01) 44.2 66.0 57.0 78.7:
Sodium (as Na) 75.8 40.0 130.0 90.8
Potassium (as K) 12.0 17.7 15.1 22.6X
Magnesium (as Mg) 26.5 17.3 1 6* 25 3
Iron (as Fe) 0.22 0.22 O 25 0 8X
Calcium (as Ca) 78.8 47.3 7 6* 65.6
Sulphate (as SO ) 59.0 39.0 51.8 40.7X
Hardness (as Cséo ) 350.8 166.3 26.2* 268.3
Alkalinity (as Ca003) 480.8 380.7 333.7 508.0
Total Carbon 178.5 142.6 145.0 204.8
Total Organic Carbon 64.7 49.9 54.7 89.5
NOTE: (1) Campbellville site [6]**. (2) Bronte site [7].
(3) Scarborough site [7]. (4) Average data of 10 sites
(sites 3 to 9 in this report
and (l), (2) and (3)).
* Low concentration due to the use of a water softener by the
household.
++ Results from site 7 were not used in calculating the average.
>
4
Results from site 5 and the Scarborough site were not used in
calculating the average.
** [ ] Number of samples.
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CONTAMINATION OF THE GREAT LAKES BY PRIVATE WASTES
(PART 2 — POLLUTANT LOADING ESTIMATES)
1. INTRODUCTION
In conforming with the general objectives of Activity 3 of
Task C, IJC/PLUARG* investigations, the main objective of this study
was to determine the potential input of pollutants originating from
private waste disposal systems which are likely to reach the Great
Lakes or to move in flow systems likely to reach the Great Lakes in
the future (IJC/PLUARG, 1974).
The approach used in this study was
to collect data on the
existing private waste disposal systems (PWDS) which may contribute
pollutants to the Canadian portion of Lakes Ontario, Erie, Huron
and Superior.
The maximum potential pollutant loads from the PWDS Were
first calculated to obtain an estimate of the upper limit of potential
loading.
These
calculations
were performed
for
the
24 watersheds
in
southern Ontario where it was possible to collect the pertinent data
for individual watersheds.
The results for these watersheds were then
summed
to
derive
the
total
pollutant
loading estimates
to
the
Great
Lakes
in
southern
Ontario.
For
the
Great
Lakes
bordering
northern
Ontario,
the
loading
computations
were
performed
on
an
individual
county basis.
In
this
report,
emphasis
is
placed
on
the
Grand
River
and
Saugeen
River watersheds,
which
were
selected
as
pilot watersheds
in
the PLUARG Task C studies.
The
study
approach
is
illustrated.in
Figure
l.
*
International
Joint
Commission/Pollution
from
Land
Use
Activities
Reference Group
  
 For each of the 24 watersheds,
collect data on PWDS (number of
systems and their locations with
respect to the Great Lakes, the
population using the systems)
which are connected to:
1) Permanent (year—round)
dwellings.
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Compute the maximum potential
input of pollutants to the Great
Lakes.
  
Data on the attenuation of
pollutants by soils and
4
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on
the
per
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tag
e
of systems which fail to
remove pollutants.
 
 
Compute the probable potential
pollutant loads to Lake Ontario,
Lake Erie, Lake Huron and Lake
Superior.
FIGURE 1. BLOCK DIAGRAM ILLUSTRATING THE STUDY APPROACH
  
  
2. DATA COLLECTION METHODS
Two groups of data were required to calculate the maximum
pot
ent
ial
pol
lut
ant
loa
ds:
the
dat
a o
n e
xis
tin
g P
WDS
and
the
dat
a o
n
sep
tic
tan
k e
ffl
uen
t (
con
cen
tra
tio
ns
of
pol
lut
ant
s a
nd
flo
w r
ate
).
Diff
eren
t me
thod
s wh
ich
are
desc
ribe
d be
low,
were
used
to c
olle
ct t
he
information.
2.1 Year-Round Eggs
Det
ail
ed
dat
a o
n e
xis
tin
g P
WDS
in
24
wat
ers
hed
s i
n s
out
her
n
Ontario were collected for this study. These watersheds are listed
in Table 1 and their locations are shown in Figure 2.
The census survey conducted by Statistics Canada in 1971 was
used to compile data on PWDS within a watershed. (Note: the census
data obtained in 1976 were not available at the time of investigation)
From the 1971 census reports, it was possible to obtain pertinent data
on systems connected to year—round dwellings.
The procedure used to collect data from the census study is
outlined as follows:-
(a) The boundaries of the watersheds and the Great Lake to which they
drain were delineated on the drainage basins map of southern
Ontario (Map 3002—2, published by the Ontario Ministry of the
Environment in 1973).
(b) The counties and municipalities located within the watersheds were
 
identified on the county and municipality map (Map 21, published
by the Ontario Ministry of Natural Resources in 1974).
(c) The enumeration area (EA) numbers (i.e. identification numbers)
corresponding to different municipalities were obtained from the
1971 census official list, series 1, part 1c for the Province of
Ontario. (Note: The EA is the smallest unit used in the cenSus
study and in this project was used to obtain data pertaining to
PWDS in different areas within a watershed).
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Drainage to Lake Watershed
22—07* Parry Sound
22—08 Muskoka
22—09 Severn River
22—10 Simcoe
22—11 Grey
Huron 22-12 Bruce — Peninsula
22—13 Saugeen River
22—14 Bruce — Huron
22—15 Maitland River
22—16 Huron — Lambton
 
23-01 St. Clair
23—02 Thames River
Erie 23—03 Essex
23—04 Kent—Elgin
23—05 Haldimand—Norfolk
23—06 Grand River
24—01 Niagara
24—02 Hamilton-Peel
24—03 Toronto — West Durham
Ontario 23—04 East Durham — Northumberland
24—05 Prince Edward
24—06 Trent River
24—07 Moira
24—08 Hastings — Lennox
* Ontario Ministry of the Environment Numbering Designation
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—(d) The land area, the number of PWDS and the population for each
enumeration area was obtained from computer listings supplied by
Statistics Canada.
(e) The population using the PWDS was computed by the following
 
formula:-
Number of PWDS
Number of all different waste disposal systems
oPopulation in EA
(f) The number of people per system was also computed by dividing the
total number of PWDS by the population using the systems.
(g) The distances from the Great Lakes of groups of PWDS was measured
by dividing the watershed into area units on the drainage map (Map
3002—2). Each area unit was one square inch (6.5 cm2). The distance
from the centre of the area unit along a river (rivers or streams) to
the Great Lakes was measured on the drainage map with the aid of
a map distance measurer. This measured distance was then used
for different groups of PWDS located in that particular area unit.
(h) The number of systems within a certain distance (i.e. 200 m, 500 m
and 800 m) from a body of surface water (a.stream or a lake) was ‘
determined by counting the number of systems (assuming one system
per dwelling) within 200 m, 500 m and 800 m from a watercourse in
each enumeration area (EA). The enumeration area being studied
 
was marked off on the topographical map (scale l:50,000). Also,
the total number of systems shown on the topographical map within
the EA was counted and the percentages of systems within 0—200,
201—500, 501-800 m and >800 m were computed in terms of the total
number of systems.
Approximately 20% of all the enumeration areas located in a water—
shed were selected as a representative sample for counting. Only
those enumeration areas that were completely serviced by PWDS,
(i.e. no sewers), were chosen.
6
  
 2.2 Seasonal PWDS
In addition to compiling data pertaining to year—round systems
from the 1971 census report, the data on systems connected to seasonal
dwellings (e.g. cottages) were also obtained in order to calculate the
total input of contamination from both seasonal and year—round dwellings.
The data for this part of the study'were obtained from the Ontario
Ministry of the Environment report, "Distribution of Residential Sub-
Surface Sewage Disposal Systems in Ontario", prepared by the Private
Sewage Unit, Pollution Control Branch in 1976 (MOE, 1976C)-
The procedure used to obtain these data is described as
follows:—
(a) The townships in the watershed under investigation were found on
the c0unty map (Map 21, published by the Ontario Ministry of
Natural Resources in 1974).
(b) The corresponding number of seasonal PWDS for cottages were
 
obtained from the 1976 Ministry of the Environment (MOE) Report, in
which the townships were identified. (Note: Census divisions in
the report are the same as townships).
For comparison purposes, the information on the number of
cottages (i.e. number of seasonal PWDS, assuming one system per cottage)
in a watershed was also obtained from the 1971 census survey. In some
cases, the data obtained from this source were not quite comparable with
the 1976 Ministry of the Environment Report.
Consequently, some judgement
was necessary in deciding what w0uld be the more probable number of
seasonal systems within the watershed.
2.3 Septic Tank Effluent Data
 
Data concerning the concentration of chemical pollutants in
the septic tank effluent and the flow
rateof the effluent from a house-
hold were collected from PLUARG site investigations and published
literature results.
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TABLE 2 LOCATIONS
 
OF THE TEN SEPTIC TANKS STUDIED
 
Septic Tank Location
1 On
 
8 In
Bass Lake, west of Orillia
2 Innisfil, on the west shore of Lake
Simcoe, north of Toronto
Lake Muskoka, north of Gravenhurst
Bondhead, north of Toronto
the outskirts of Milton, west of Toronto
Town of Vaughan, west of Thornhill
the Severn River, north of Washago
Scarborough, east of Toronto
9 In Bronte, west of Toronto
10 In Campbellville, west of Toronto
NOTE: For septic tanks 1 to 7, studies on the quality of the
r
“
4
4
_
_
’
.
_
u
.
 
i groundnwateradjacent to the tile fields were also conducted.
Details of the investigations are contained in the companion
IJC/PLUARG report by Chan (1978).
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3. PRESENTATION OF RESULTS
3.1 Pilot Watersheds(Grand River and Saugeen River)
In the PLUARG Task C studies, two pilot watersheds were
chosen for detailed investigations in Ontario: the Grand River and
the Saugeen River watersheds.
In Table 3, data concerning the existing PWDS in the Grand
River watershed are summarized. Each enumeration area (EA) is
identified by an enumeration number (listed under I.D. number in the
table) and the data pertaining to that area is tabulated accordingly.
The enumeration areas are grouped by township, municipality, etc. and
the total number of systems for each group of enumeration areas has
been computed. The "distance to Great Lake” was only measured for
each group of enumeration areas and the "percentage system within
distance increments from receiving water" was computed for selected
EA groups.
Table 4 summarizes the above—mentioned pertinent data on
PWDS in the Grand River watershed.
Figure 3 is a map showing the distribution of PWDS (year—
round dwellings only) in the watershed and Figure 4 is a plot of the
number of year—round systems vs. the distance between the systems
and the mouth of the Grand River.
The total number of year—round PWDS systems (37,498) in the
Grand River watershed in 1961 was also determined using the data from
the 1961 census survey which was slightly greater than the 1971 figure.
The small decrease in the number of systems from 1961 to 1971 could be
attributed to the increase of the sewerage systems and municipal waste
treatment facilities in the watershed. From the comparison of the total
number of PWDS in 1961 and 1971, it was inferred that the total number
of PWDS in 1971 and at the present time would be similar.
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TABLE 4 SUMMARY OF PERTINENT DATA ON EXISTING PWDS
IN THE GRAND RIVER WATERSHED
Total Number of PWDS 36,115
(Year—round dwellings)
Population Using PWDS 135,677
(Year—round dwellings)
Average Number of People/System 3-76
Average Z System Within 0—200 m* 28
201—500 In 22
501—800 In 10
>800 111 40
Total Number of PWDS 7,223**
(Seasonal dwellings)
* 200 m from a body of receiving water.
** The number of systems was determined from the 1971
census data on the number of cottages in different areas
within the watershed. The total number of seasonal systems
(1779) as determined from the 1976 Ministry of the
Environment report appeared to be tOo low and was not used
in the pollutant loading calculations.
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 In Table 5, detailed information on the existing EWDS in
the Saugeen River watershed is presented and the pertinent data are
i summarized in Table 6, The distribution of year-round PWDS in the
Saugeen River watershed is presented in Figure 5 and a plot of the
number of systems vs. the distance between the systems and the mouth
 
of the river is shown in Figure 6.
The 1961 census survey data were used to obtain the number
of systems (8,979) in 1961, which was compared with the 1971 figure
(8,950). Because the number of systems did not change from 1961 to
1971, it was inferred that there would be little change in the number
of systems from 1971 to the present time.
3.2 Other Watersheds
The pertinent data on the BWDS in the other 22 watersheds
in Southern Ontario are tabulated in Appendix 1. Detailed data, not
included in this report are available from the Applied Sciences Section
of the Ministry of the Environment, 135 St. Clair Avenue West, Toronto,
Ontario M4V 1P5. L
No similar detailed compilation of data on existing PWDS in
watersheds draining into the Northern part of Lake Huron and Lake l
Superior was undertaken. However, the total number of year-round and
seasonal PWDS was obtained on a county basis from the 1971 census survey
data and the Ministry of the Environment report (MOE, 1976c). These data
were then used to calculate the pollutant loads.
3.3 septic Tank Effluent Data
 
The average septic tank effluent data from10 testing sites
are presented in Table 7. For comparison purposes, literature data on
the quality of septic tank effluenmihavebeen collected and summarized
in Tables 8, 9 and 10. The results in Tables 7 to 10, indicate that
there is a significant variation in the concentrations of pollutants
in septic tank effluents_ For the calculation of pollutant loadings
to the Great Lakes, it was decided to use the average septic tank effluent
ﬁAW — 27 - %
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TABLE 6
SUMMARY OF PERTINENT DATA ON EXISTING PWDS
IN THE SAUGEEN RIVER WATERSHED
Total Number of PWDS 8,950
(Year—round dwellings)
Population Using PWDS 32,509
(Year—round dwellings)
Average Number of People/System 3-63
Average
Z System Within
0—200 u1*
17
201-500 m 19
501—800 m 13
>800 m 51
Total Number of PWDS 7,252**
(Seasonal dwellings)
* 200 m from a body of receiving water.
** The number of systems was determined from the data
contained in the 1976 Ministry of the Environment
Report.
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 TABLE 7 AVERAGE SEPTIC TANK EFFLUENT DATA
FROM TEN SITES IN ONTARIO IN 1976 *
 
Parameter
Average Concentration (mg/L)
Nitrogen (as N)
Ammonia
Total Kjeldahl
Nitrite
Nitrate
Total
Phosphorus (as P)
Total
Soluble
Chloride (as Cl)
Sodium (as Na)
Potassium (as K)
Magnesium (as Mg)
Iron (as Fe)
Calcium (as Ca)
Sulphate (as 804)
Hardness (as CaCO3)
Alkalinity (as CaCO3)
Total Carbon
Total Organic Carbon
63.0
75.1
0.01
0.1
75.2
12.1
9.6
78.7
90.8
22.6
25.3
0.8
65.6
40.7
268.3
508.0
204.8
89.5
* More details can be found in the companion report by
Chan (1978).
 
TABLE 8 LITERATURE DATA ON THE CONCENTRATION OF PHOSPHORUS (P)
IN SEPTIC TANK EFFLUENT
  
Concentration of Phosphorus (as P) (mg/L) Reference
Total 15.0 Brandes (1977)
Soluble 12.0
Total 15.3 Otis, Boyle, Sauer
Orthophosphate 11.6 (1974)
Total 6.5 Preul (1964)
Total 10.0 Feth (1966)
Total 8.2 Lake George (1971)
Total 13.3 Bouma et a1 (1972)
Average of all above data 11.7 mg/L (Total P).
Average of data obtained 13.0 mg/L (Total P).
since 1970
#TABLE 9 LITERATURE DATA ON THE CONCENTRATION OF SEVERAL
FORMS OF NITROGEN IN SEPTIC TANK EFFLUENT
  
Parameter Concentration as N (mg/L) References
Ammonia 68 Brandes (1977)
Total Kjeldahl 75
Nitrite 0.02
Nitrate 0.1
Total 75.1
Ammonia 35.6 Otis, Boyle & Sauer
Nitrite & Nitrate 0.51 (1974)
Total 52.2
Ammonia 96.9 Viraraghavan &
Nitrate 0.03 Warnock (1974)
Total 73.0 Karikan, Beer
& Smith (1974)
 
; Total 47 Otis (1973)*
Total 27.8 Bouma et a1 (1972)
Total 28.9
Total 35 _ Polta (1969)*
Organic 5.6 Popkin & Bendixen
Ammonia 24.6 (1968)
Nitrite 0.01
Nitrate 0.2
Total 30.4
Total 44 Corey et al (1967)*
Total 84.0 Watson et a1 (1966)*
Total 20—40 Feth (1966)
Organic 10.0 Preul (1964)
Ammonia 25.0
Nitrite 0.003
Nitrate 0.15
Total 35.2
Organic 5.4 Robeck et a1 (1964)
Ammonia 22
Nitrite & Nitrate 0.11
Total 27.5
Average of all literature results in the table Total N = 50.8 mg/L.
Average of literature data since 1970 + Average from ten sites in this
project Total N = 60 mg/L.
* Data quoted in report by Dudley and Stephenson (1973).
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 TABLE 10 LITERATURE DATA ON THE CONCENTRATION OF CHLORIDE
AND SODIUM IN SEPTIC TANK EFFLUENT
 
Parameter Concentration Reference
Chloride 98 Brandes (1977)
53 Viraraghavan &
Warnock (1974)
70 Preul (1964)
75 Robeck (1964)
35 Feth (1966)
Average 66
Sodium 76 Brandes (1977)
100 Preul (1964)
Average 88
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 TABLE 12.
 
LOCATIONS AND SOIL CHARACTERISTICS OF TEST SITES
Site
Location of Site
Soil
Characteristics
On Georgian Bay, between Wasaga
Beach and Collingwood.
On Bass Lake, west of Orilla.
Innisfil, on the west shore of
Lake Simcoe.
On Lake Muskoka, north of
Gravenhurst.
In Bondhead.
On the outskirts of Milton.
In Town of Vaughan, west of
Thornhill.
On the Severn River, north of
Washago.
Uniform fine beach
sand.
Fine to medium sand.
Sandy silt.
Imported medium sand
on granite outcrop.
Clayey silt.
Clayey silt.
Clayey silt.
Imported medium sand
overlying clayey silt
and part of a granite
outcrop.
  
  
TABLE
13.
PERCENTAGES
OF
ATTENUATION
0F
POLLUTANTS
BY
SOILS*
  
 
Avg.
Avg.
1
2
3
4
5
6
7
8
9
all
sites
sites 2 to 9
Site
 
 
 
 
Pollutant
 
Phosphorus
44
96
99
99
99
98
86
99
99
91
97
Nitrogen
35
78
65
99
79
85
67
93
79
76
81
Sodium
77
58
29
72
11
43
—
51
65
51
47
Potassium
o
80
22
88
19
83
47
94
84
57
65
Magnesium
o
33
27
o
3
1
33
15
o
12
14
Sulphate
0
0
ll
0
O
7
0
IO
0
2
2
Iron
0
58
24
0
0
50
O
57
O
24
27
    
*Data from 9 PLUARG test sites.
Details of computation can be found in the
PLUARG
companion
report
by
Chan
(1978).
 
  
_
4
5
_
 
TABLE 14 SUMMARY OF COTTAGE POLLUTION SURVEY RESULTS OBTAINED BY THE MINISTRY OF THE ENVIRONMENT
     
Shebandowan Muskoka
Lakes
(19
76)
Muskoka
Ba
la
La
ke
(19
75)
Muskoka
Bass Lake
(
1
9
7
4
)
Peterborough Peterborough
l7 L
akes
(1971)
29 Lakes
(1
97
2)
& V
ict
ori
a
(19
74)
Dickie Lake
(1976)
District
(19
75)
3
6
1
21
6
6
3
18*
1
3
39
2
31
*
2
8
37
2
40
1
9
2
2
5
3
26
39
7
2
0
7
45
26
61
32
4
1
7
3
8
Satisfactory
Direct
Pollut
er
Substa
ndard
39
Nuisance
Unclas
sified
  
*
Z o
f s
ubs
tan
dar
d a
nd
unc
las
sif
ied
sys
tem
s c
omb
ine
d.
DEFINITIONS:
Satisfactory -A system which meets all current standards of good design, construction and location,
and is properly maintained.
Direct Polluter -A system which permits sewage to contaminate the groundwater, or to reach the lake
either by direct
discharge through
a pipe or ditch o
r over the ground
surface.
Substandard -A system which does not meet current standards of design, construction and location,
and/or is in a state of neglect.
Nuisance
— A system causing wash water to be exposed on the surface of the ground either
(Wash Water)
directly through a waste pipe, escaping from a seepage pit or just thrown on ground
surface.
Nuisance
—A system causing a waste containing fecal or urinary discharges to be exposed on the
(Toilet or surface of the ground, either directly through a pipe or escaping from some part of
Solid waste)‘ sewage disposal system including a privy.
NOTE: Details of the cottage pollution Survey can be found in the Ministry
of the Environment internal reports (See "REFERENCES" for titles of reports).
  
  
TABLE 15 LITERATURE DATA ON FAILURE RATE OF PWDS
 
Failure Rate Data Source
(Connec:::ut) Hill and Frink (1974)
30%
(San Diego Co., Calif)
45%
(Kentucky) Hickey and Duncan (1966)
50%
(Fresno Co., Calif)
6%
(20 year old systems) Clayton (1973)
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(i)
(ii)
(iii)
(iv)
  
ﬂ
4. CALCULATIONS OF POLLUTANT LOADS TO THE GREAT LAKES
The assumptions made in the calculation of the pollutant
loads to the Great Lakes are summarized below:
The amount of wastewater produced by one person per day
in a year—round dwelling is 168 L.
(Section 3.3, Table
11).
The amount of wastewater produced by one person per day
in a cottage is 91 L (20 Imp. Gals). In 1969, field
measurements
on the
average water
consumptionin cottages
on recreational lakes were carried out by field staff of
the Ontario Ministry of Health and it was found that the
average water consumption rate in cottages was about 55 L
(12 Imp. Gals) per person per day (Ont. Dept. of Health,
1969). For the pollutant loading calculation, the water
consumption rate was arbitrarily increased to 91 L (20 gals)
per person per day.
Seasonal dwellings are used for an equivalent period of
three months in a year and there are on the average four
people in one dwelling.
There are 30% of the existing systems which fail to remove
any pollutants from the septic tank effluent on a yearly
E
basis. As far as pollutant loading calculations are con-
cerned, this percentage is assumed to be eguivalent to the
percentage of all systems which experience operational
difficulties, such as the ponding of septic tank effluent on
the ground surface, and hence the pollutants are delivered
to the receiving waters by surface runoff. (Table 14, Section
3.5). Referring to Table 3 and Table 5, the majority of the
PWDS in the two pilot watersheds are located at a distance
greater than 200 m from a lake or river. For a system which
is not adjacent to a lake, some amount of the pollutants may
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 measurements obtained from the PLUARG test sites because these
values are comparable to the literature data. The attenuation
percentages in Table 16 which were used to compute the poten—
tial pollutant loads were derived from the average percentage
values in Table 13. The suggested percentages in Table 16
are generally smaller than those in Table 13 so that a conser—
vative estimate of the potential pollutant loads to the Great
Lakes
could be made.
It should be pointedout
that the reduction
of the percentage value is larger for nitrogen because it is
assumed that the average yearly attenuation is smaller than
the attenuation determined by monitoring studies for part of
the year only (i.e. May to November).
Using the above—mentioned assumptions, the pollutant loads to
the Great Lakes from the PWDS in the Grand River watershed
(Table 17) and in the Saugeen River watershed (Table 18) were
calculated. Table 19 is a summary of the number of PWDS in
watersheds draining into lakes Ontario, Erie, Huron and
Superior. The loading calculations for these watersheds have
been computed and tabulated in Tables 20 to 23. The detailed
data on PWDS in 22 watersheds in southern Ontario and loading
estimates are presented in Appendix 1 and Appendix 2.
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 TABLE 16
FOR LOADING CALCULATIONS.
SUGGESTED CONCENTRATION OF POLLUTANTS IN SEPTIC
TANK EFFLUENT AND PERCENTAGE OF ATTENUATION USED
 
Parameter
Concentration
(mg/L)
2 Attenuation
Total P
12.1
95
Soluble
P
9.6
95
fetal N
60.0
60
Chloride
78.7
0
Sodium
90.8
50
Potassium
22.6
55
Magnesium
25.3
10
Sulphate 40.7 0
Iron
  
 TABLE 17 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN THE
GRAND RIVER WATERSHED TO LAKE ERIE
Max. Pollution Load (t/yr)*
Parameter
Year—round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Polluann:
Load (th)
Total P 100.86 2.90 103.76 34.76
Soluble P 80.02 2.30 82.32 27.58
Total N 500.12 14.39 514.51 298.42
Chloride 656.00 18.87 674.87 674.87
Sodium 756.85 21.77 778.62 506.10
Potassium 188.38 5.42 193.80 119.20
Magnesium 210.88 6.07 216.95 201.76
Sulphate 339.25 9. 76 349 . 01 3‘49 .01
Iron 6.67 0.19 6.86 5.90
* t/yr = metric tons per year.
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TABLE 18 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN THE
SAUCEEN RIVER WATERSHED T0 LAKE HURON
Max. Pollution Load (t/yr)*
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (t/yr)
Total P 24.17 2.91 27.08 9.07
Soluble P 19.17 2.31 21.48 7.20
Total N 119.83 14.45 134.28 77.88
Chloride 157.18 18.95 176.13 176.13
Sodium 181.35 21.86 203.21 132.09
Potassium 45.14 5.44 50.58 31.11
Magnesium 50.53 6.09 56.62 52.66
Sulphate 81.29 9.80 91.09 91.09
Iron 1.60 0.19 1.79 1.54
* t/yr = metric tons per year,
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TABLE 19 NUMBER OF PWDS (YEAR ROUND AND SEASONAL) IN THE
GREAT LAKES WATERSHEDS (ONTARIO, ERIE, HURON AND
SUPERIOR)
Year Round Dwellings
Lake No. of Systems Population Using No. of Seasonal
Systems Dwellings
Ontario 131,660 474,882 35,319
Erie 145,110 526,578 14,510
Huron 114,195 422,521 76,819
Superior 16,670 61,679 9,579
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 DRAINING INTO LAKE ONTARIO
ESTIMATES OF POLLUTANT LOADS FROM PWDS IN WATERSHEDS
 
Max. Pollution Load (t/yr)*
 
  
  
Parameter
Year—round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Polluunn:
Load
(t/yr)
353.01 14.19 .20 123.01
Soluble P 280.08 11.26 .34 97.60
1750.47 70.37 .84 1056.08
Chloride) 2296.03 92.30 .33 2388.33
2649.04 106.49 .53 1791.09
Potassium 659.34 26.51 .85 421.80
Magnesium 738.11 29.67 .78 714.04
Sulphate 1187.40 47.73 .13 1235.13
23.34 0.94 20.88
tons per year,
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TABLE 21 ESTIMATES OF POLLUTANT LAODS FROM PWDS IN
WATERSHEDS DRAINING INTO LAKE ERIE
 
Max. Pollution Load (t/yr)*
Parameter
Year-round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Pollutant
Load
(t/yr)
Total P
391.44
5.83
897.27
133.09
Soluble P 310.56 4.63 315.19 105.59
Total N 1941.02 28.91 1969.93 1142.56
Chloride 2545.98 37.92 2583.90 2583.90
Sodium
2937.42
43.75
2981.17
1937.76
Potassium 731.12 10.89 742.01 456.34
Magnesium 818.47 12.19 830.66 772.51
Sulphate 1316.66‘ 19.61 1336.27 1336.27
Iron 25.88 0.39 26.27 22.59
* t/yr = metric tons per year.
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 TABLE 22 ESTIMATES OF POLLUTANT LOADS FROM PWDS IN
WATERSHEDS DRAINING INTO LAKE HURON
     
Max. Pollution Load (t/yr)*
Parameter
Year—round
Seasonal
Total
Probable Potential
Dwellings Dwellings Polluanu: Load (t/yr)
Total P 314.09 30.86 344.95 115.56
Soluble P 249.19 24.49 273.68 91.68
Total N 1557.46 153.04 1710.50 992.09
Chloride 2042.87 200.74 2243.61 2243.61
Sodium 2356.96 231.60 2588.56 1682.56
Potassium 586.64 57.65 644.29 396.24
Magnesium 656.73 64.53 721.26 670.77
Sulphate 1056.48 103.81 1160.29 1160.29
Iron 20.77 2.04 22.81 19.62
* t/yr = metric tons per year,
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TABLE 23
WATERSHEDS DRAINING INTO LAKE SUPERIOR
ESTIMATES OF POLLUTANT LOADS FROM PWDS IN
Parameter
Max. Pollution Load (t/yr)*
Year—round
Seasonal
Probable Potential
Dwellings
Dwellings TOtal
Pollutant.Load
(t/yr)
Total P 45.85 3.85 49.70 16.65
Soluble P 36.38 3.05 39.43 13.21
Total N 227.35 19.09 246.44 142.94
Chlorides 298.21 25.03 323.24 323.24
‘Sodium 344.05 28.88 372.93 242.40
Potassium 85.64 7.19 92.83 57.09
Magnesium 95.87 8. 04 103.91 96.64
Sulphates 154.95 12.95 167.17 167.17
lron 3.03 0.25 3.28 2.82
* t/yr = metric tons per year,
if -57-— 1
 5. SUMMARY
In this report, the data were summarized on private waste
disposal systems (PWDS) in watersheds in southern Ontario and in water—
sheds draining into the northern part of Lake Huron and Lake Superior.
For
the
sout
hern
Onta
rio
wate
rshe
ds,
info
rmat
ion
was
coll
ecte
d on
the
number of private waste disposal systems connected to year-round and
seasonal dwellings, their distribution within the watersheds and the
population using these systems. For systems located in the northern
Ontario watersheds, only the total number of systems was obtained.
The maximum pollutant loads from these private systems were
computed by using the following data: (1) the number of people using
the PWDS or the number of systems; (ii) the concentrations of pollu—
tants in the septic—tank effluent and (iii) the quantity of wastewater
produced by individuals in a household. Then, the probable potential
pollutant loads were calculated by making use of additional data on the
percentage of attenuation of the pollutants bysoils and the estimated
percentage of systems which are assumed unable to remove pollutants.
The estimated pollutant loads (Total P, Total N, Chloride)
from PWDS in the Grand River and Saugeen River watersheds, and the input
of contamination to the Great Lakes (Ontario, Erie, Huron and Superior)
from PWDS are summarized in the following table:
Grand Saugeen Ontario Erie Huron Superior
River River
Total P 35 9 123 133 116 17
Total N 298 78 1056 1143 992 143
Chloride 675 176 2388 2584 2243 323
(All above figures in metric tons per year)
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 The relative significance of pollutant loads from different sources
to the Great Lakes is illustrated by the data in the following tables.
(Here and Ostry, 1978 (a) and (b)).
POLLUTANT SOURCES IN THE GRAND RIVER WATERSHED
Agricul— Trans— Processed Sani— Spray
Muni— Indus— Urban tural Wooded/ porta— Organic tary Irri—
PWDS cipal trial General General Idle tion Waste Landfill gation
Total P 35 114 60 28 452 11 ~ 1 IC* 0.1
Total N 298 1580 146 169 5860 654 - IC IC IC
Chloride 675 21900 2140 — 10100 2540 41800 IC 1400 IC
POLLUTANT SOURCES IN SAUGEEN RIVER WATERSHED
Trans— Processed Sani— Spray
Wooded/ porta— Organic tary Irri-
Landfill gation
Agricul—
Muni— Indus— Urban tural
PWDS cipal trial General General Idle tion Waste
Total P g 9 17.7 0.14 2.9 229 13 — TC TC 0.8
Total N 78 120 TC 26.4 2970 675 — IC IC 1.7
Chloride '176 647 TC 79 5100 2620 7100 0.9. 607 -
(All above figures in metric tons per year) * IC insignificant contribution
The data indicate that the contributions of total P, total N and chloride
from the PWDS in the Grand River and Saugeen River watersheds do not exceed 5%
of the total contributions from all the pollutant sources. Therefore, it can be
inferred that the contribution of pollution from PWDS in Ontario to the Great
Lakes is relatively insignificant.
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 APPENDIX 1 SUMMARY OF DATA ON PWDS in 24 WATERSHEDS IN
SOUTHERN ONTARIO
WATERS Number of PWDS P°E§SEg%gg Avg. People/
HED Year—round Seasonal Year-round PWDS
Bruce-Huron 2,985 1,711 10,281 3.44
Bruce Peninsula 5,720 3,471 19,374 3.39
East Durham-N. Humberland 10,925 1,524 40,122 3.67
Essex 34,505 2,426 124,898 3.62
Grey 3,925 1,106 12,750 3.25
Hamilton—Peel 30,125 22 111,158 3.69
Hastings—Lennox 11,030 1,586 41,223 2.74
Huron-Lambton 10,065 3,282 35,005 3.48
Kent-Elgin 5,360 450 18,749 3.50;
Maitland River 6,810 884 24,727 3.63
Moira 6,955 1,642 25,617 3.68
Muskoka 7,955 18,930 25,355 3.19
Niagara 18,350 299 66,722 3.64
Norfolk—Haldimand 23,855 2,791 84,694 3.55
Parry Sound 5,295 7,111 17,446 3.29
Prince Edward 4,900 1,061 17,022 3.47
St. Clair 18,600 548 65,239 3.51
Severn 17,450 9,230 60,802 3.48
Simcoe 21,685 13,863 76,248 3.52
Thames River 26,675 1,072 97,321 3.65
Toronto-West Durham 24,475 809 87,122 3.56
Trent 24,900 28,376 85,896 3.45
* Grand 36,115 7,223 135,677 3.76
* Saugeen 8,950 7,252 32,509 3.63
* PLUARG pilot watersheds.
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 APPENDIX NO. 2
Estimates of Pollutant Loads from PWDS in 22 watersheds
in Southern Ontario to the Great Lakes.
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WATERSHED: BRUCE—HURON
 
Max. Pollution Load (tons/year)
Pa
ra
me
te
r
Ye
ar
-r
ou
nd
Se
as
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al
To
ta
l
Pr
ob
ab
le
Po
te
nt
ia
l
Dwe
lli
ngs
Dwe
lli
ngs
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lut
ant
Loa
d (
ton
s/y
ear
)
To
ta
l
P
7.
64
0.
69
8.
33
2.
79
So
lu
bl
e
P
6.
06
0.
55
6.
61
2.
21
To
ta
l
N
37
.9
0
3.
41
41
.3
1
23
.9
6
Ch
lo
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de
49
.7
1
4.
47
54
.1
8
54
.1
8
So
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.3
5
5.
16
62
.5
1
40
.6
3
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14
.2
7
1.
28
15
.5
5
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8
1.
44
17
.4
2
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.2
0
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.7
1
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.0
2
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.0
2
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05
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0.
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BRUCE PENINSULA
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2
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9
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5
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9
1.0
4
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EAST DURHAM “ N. HUMBERLAND
Max. Pollution Load (tons/year)
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lli
ngs
Dwe
lli
ngs
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)
Total P 29.83 0.61 30.44 10.20
Soluble P 23.66 0.49 24.15 8.09
Tot
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3.0
4
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.93
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ESSEX
 
Max. Pollution Load (tons/year)
Parameter
Year—round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Polluuun; Load (tons/year)
Total P
92.84
0.98
93.82
31.43
Soluble P
73.66
0.77
74.43
24.93
Total {N
460.39
4.84
465.23
269.83
Chloride
603.87
6.34
610.21
610.21
Sodium
696.71
7.32
704.03
457.62
Potassium
173.41
1.82
175.23
107.77
Magnesium
194.13
2.04
196.17
182.44
Sulphate
312.30
3.28
315.58
315.58
Iron
6.14
0.06
6.20
5.33
GREY
Max. Pollution Load (tons/year)
 
Parameter
Year—round
Seasonal
Total
Probable
Potential
Dwellings
Dwellings
Pollutant
Load
(tons/year)
Total
P
9.48
0.44
9.92
3.32
Soluble
P
7.52
0.35
7.87
2.64
Total
N
47.00
2.20
49.20
28.54
Chloride
61.65
2.89
64.54
64.54
Sodium
71.12
3.33
74.45
48.39
Potassium
17.70
0.83
18.53
11.40
Magnesium
19.82
0.93
20.75
19.30
Sulphate
31.88
1.49
33.37
33.37
Iron
0.63
0.03
0.66
0.57
HAMILTON-PEEL
Max. Pollution Load (tons/year)
 
Parameter
Year-round
Seasonal
Total
Probable
Potential
Dwellings
Dwellings
Pollutant
Load
(tons/year)
Total
P
82.63
0.01
82.64
27.68
Soluble
P
65.56
0.01
65.57
21.97
Total
N
409.74
0.04
409.78
237.67
Chloride
537.44
0.06
537.50
537.50
Sodium
620.07
0.06
620.13
403.98
Potassium
154.34
0.02
154.36
94.93
Magnesium
172.77
0.02
172.79
160.69
Sulphate
277.94
0.03
277.97
277.97
Iron
5.46
0.00
5.46
4.70
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 HASTINGS—LENNOX
Max. Pollution Load (tons/year)
Parameter
Year-round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Pollutant Load
(tons/year)
Total P
30.64
0.64
31.28
10.48
Soluble P 24.31 0.51 24.82 8.31
Total N
151.95
3.16
155.11
89.96
Chloride
199.31
4.15
203.46
203.46
Sodium
229.95
4.79
234.74
152.58
Potassium
57.23
1.19
58.42
35.92
Magnesium
64.07
1.33
65.40
60.82
Sulphate
103.07
2.14
105.21
105.21
Iron
2.03
0.04
2.07
1.78
HURON-LAMBTON
Max. Pollution Load (tons/year)
Parameter
Year—round
Seasonal
Total
Probable Potential
Dwellings
Dwellings
Pollutant Load
(tons/year)
Total
P
26.02
1.32
27.34
9.16
Soluble
P
20.64
1.05
21.69
7.27
Total
N
129.03
6.54
135.57
78.63
Chloride
169.24
8.58
117.82
177.82
Sodium
195.27
9.90
205.17
133.36
Potassium
48.60
2.46
51.06
31.40
Magnesium
54.41
2.76
57.17
53.17
Sulphate,
87.53
4.44
91.97
91.97
Iron
1.72
0.09
1.81
1.56
KENT-ELGIN
Max. Pollution Load (tons/year)
Parameter
Year—round
Seasonal
Total
Probable
Potential
Dwellings
Dwellings
Pollutant
Load
(tons/year)
Total
P
13.94
0.18
14.12
4.73
Soluble
P
11.06
0.14
11.20
3.75
Total
N
69.11
0.89
70.00
40.60
Chloride.
90.65
1.17
91.82
91.82
Sodium
104.58
1.35
105.93
68.85
Potassium
26.03
0.34
26.37
16.22
Magnesium
29.14
0.38
29.52
27.45
Sulphate.
46.88
0.61
47.49
47.49
Iron
0.92
0.01
0.93
0.80
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90
4.
95
14
7.
85
96
.1
0
Po
ta
ss
iu
m
35
.5
7
1.
23
36
.8
0
22
.6
3
Ma
gn
es
iu
m
39
.8
2
1.
38
41
.2
0
38
.3
2
Su
lp
ha
te
64
.0
5
2.
22
66
.2
7
66
.2
7
Ir
on
1.
26
0.
04
1.
30
1.
12
MUSKOKA
Ma
x.
Po
ll
ut
io
n
Lo
ad
(t
on
s/
ye
ar
)
Pa
ra
me
te
r
Ye
ar
-r
ou
nd
Se
as
on
al
To
ta
l
Pr
ob
ab
le
Po
te
nt
ia
l
Dw
el
li
ng
s
Dw
el
li
ng
s
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
To
ta
l
P
18
.8
5
7.
61
26
.4
6
8.
86
So
lu
bl
e
P
14
.9
5
6.
03
20
.9
8
7.
03
To
ta
l
N
93
.4
6
37
.7
2
13
1.
18
76
.0
8
Ch
lo
ri
de
12
2.
59
49
.4
7
17
2.
06
17
2.
06
So
di
um
14
1.
44
57
.0
8
19
8.
52
12
9.
04
Po
ta
ss
iu
m
35
.2
0
14
.2
1
49
.4
1
30
.3
9
Ma
gn
es
iu
m
39
.4
1
15
.9
0
55
.3
1
51
.4
4
Su
lp
ha
te
63
.4
0
25
.5
8
88
.9
8
88
.9
8
Ir
on
1.
25
0.
50
1.
75
1.
51
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 NIAGARA
Max. Pollution Load (tons/year)
Para
mete
r
Year
—rou
nd
Seas
onal
Tota
l
Prob
able
Pote
ntia
l
Dwellings Dwellings Pollutant Load (tons/year)
Total P 49.60 0.12 49.72 16.66
Soluble P 39.35 0.10 39.45 13.22
Tota
l N
245.
95
0.59
246.
54
142.
99
Chloride 322.60 0.78 323.38 323.38
Sodium 372.20 0.90 373.10 242.52
Potassium 92.64 0.22 92.86 57.11
Magnesium 103.71 0.25 103.96 96.68
Sulphate 166.83 0.40 167.23 167.23
Iron 3.28 0.01 3.29 2.83
NORFOLK—HALDIMAND
Max. Pollution Load (tons/year)
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (tons/year)
Total P 62.96 1.12 64.08 21.47
Soluble P 49.95 0.89 50.84 17.03
Total N 312.19 5.56 317.75 184.30
Chloride 409.49 7.30 416.79 416.79
Sodium 472.45 8.42 480.87 312.57
Potassium 117.59 2.10 119.69 73.61
Magnesium 131.64 2.35 133.99 124.61
Sulphate 211.77 3.77 215.54 215.54
Iron 4.16 0.07 4.23 3.64
PARRY SOUND
Max. Pollution Load (tons/year)
Parameter Year—round Seasonal Total Probable Potential
Dwellings Dwellings Pollutant Load (tons/year)
Total P 12.97 2.86 15.83 5.30
Soluble P 10.29 2.27 12.56 4.21
Total N 64.31 14.17 78.48 45.52
Chloride 84.35 18.58 102.93 102.93
Sodium 97.32 21.44 118.76 77.19
Potassium 24.22 5.34 29.56 18.18
Magnesium 27.12 5.97 33.09 30.77
Sulphate 43.62 9.61 53.23 53.23
Iron 0.86 0.19 1.05 0.90
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PRINCE EDWARD
 
Parameter
Ma
x.
Po
ll
ut
io
n
Lo
ad
(t
on
s/
ye
ar
)
Year—round Seasonal
Probable Potential
 
Dw
el
li
ng
s
Dw
el
li
ng
s
Te
ta
l
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
To
ta
l
P
12
.6
5
0.
43
13
.0
8
4.
38
So
lu
bl
e
P
10
.0
4
0.
34
10
.3
8
3.
48
To
ta
l
N
62
.7
4
2.
11
64
.8
5
37
.6
1
Ch
lo
ri
de
82
.3
0
2.
77
85
.0
7
85
.0
7
Sod
ium
'
94
.9
5
3.
20
98
.1
5
63
.8
0
Po
ta
ss
iu
m
23
.6
3
0.
80
24
.4
3
15
.0
2
Ma
gn
es
iu
m
12
6.
46
0.
89
27
.3
5
25
.4
4
Su
lp
ha
te
42
.5
6
1.
43
43
.9
9
43
.9
9
Ir
on
0.
84
0.
03
0.
87
0.
75
ST. CLAIR
Max. Pollution Load (tons/year)
Par
ame
ter
Yea
r—r
oun
d
Sea
son
al
Tot
al
Pro
bab
le
Pot
ent
ial
Dw
el
li
ng
s
Dw
el
li
ng
s
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
Tot
al
P
48.
50
0.2
2
48.
72
16.
32
So
lu
bl
e
P
38
.4
8
0.
17
38
.6
5
12
.9
5
To
ta
l
N
24
0.
48
1.
09
24
1.
57
14
0.
11
Chl
ori
de
315
.43
1.4
3
316
.86
316
.86
Sod
ium
363
.93
1.6
5
365
.58
237
.63
Pot
ass
ium
90.
58
0.4
1
90.
99
55.
96
Mag
nes
ium
101
.40
0.4
6
101
.86
94.
73
Sul
pha
te
163
.13
0.7
4
163
.87
163
.87
Iro
n
3.2
1
0.0
1
3.2
2
2.7
7
SEVERN
Max. Pollution Load (tons/year)
Par
ame
ter
Yea
r—r
oun
d
Sea
son
al
Tot
al
Pro
bab
le
Pot
ent
ial
Dwe
lli
ngs
Dwe
lli
ngs
Pol
lut
ant
Loa
d
(to
ns/
yea
r)
Tot
al
P
45.
20
3.7
1
48.
91
16.
38
Sol
ubl
e
P
35.
86
2.9
4
38.
80
13.
00
Tot
al
N
224
.12
18.
39
242
.51
140
.66
Chl
ori
de
293
.98
24.
12
318
.10
318
.10
Sod
ium
339
.17
27.
83
367
.00
238
.55
Pot
ass
ium
84.
42
6.9
3
91.
35
56.
18
Mag
nes
ium
94.
51
7.7
5
102
.26
95.
10
Su
lp
ha
te
15
2.
03
12
.4
7
16
4.
50
16
4.
50
Iro
n
2.9
9
0.2
5
3.2
4
2.7
9
_ 70 _
M
W
  
SIMCOE
  
Parameter
Max. Pollution Load (tons/year)
Year—round
Dwellings
Seasonal
Dwellings
Total
Probable Potential
Pollutant Load (tons/year)
Total P
Soluble P
Total N
Chloride
Sodium
Potassium
Magnesium
Sulphate
Iron
  
56.
44.
281.
368.
425.
105.
118.
190.
.75
68
97
06
65
33
87
51
65
5.57
4.
27.
36.
41.
10.
11.
18.
0.
42
62
23
80
41
65
74
37
THAMES RIVER
62.25
49.49
308.68
404.88
467.13
116.28
130.16
209.39
4.12
20.85
16.55
179.03
404.88
303.63
71.51
121.05
209.39
3.54
Parameter
Max. Pollution Load (tons/year)
Year—round
Seasonal
Probable Potential
Dw
el
li
ng
s
Dw
el
li
ng
s
Te
ta
l
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
To
ta
l
P
72
.3
4
0.
43
72
.7
7
24
.3
8
So
lu
bl
e
P
57
.4
0
0.
34
57
.7
4
19
.3
4
To
ta
l
N
35
8.
73
2.
14
36
0.
87
20
9.
30
Ch
lo
ri
de
47
0.
54
2.
80
47
3.
34
47
3.
34
So
di
um
54
2.
88
3.
23
54
6.
11
35
4.
97
Po
ta
ss
iu
m
13
5.
12
0.
80
13
5.
92
83
.5
9
Ma
gn
es
iu
m
15
1.
27
0.
90
15
2.
17
14
1.
52
Su
lp
ha
te
24
3.
34
1.
45
24
4.
79
24
4.
79
Ir
on
4.
78
0.
03
4.
81
4.
14
TORONTO—WEST DURHAM
Max. Pollution Load (tons/year)
Pa
ra
me
te
r
Ye
ar
—r
ou
nd
Se
as
on
al
To
ta
l
Pr
ob
ab
le
Po
te
nt
ia
l
Dw
el
li
ng
s
Dw
el
li
ng
s
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
  
Total P
Soluble P
Total N
Chloride
Sodium
Potassium
Magnesium
Sulphate
Iron
64.
51.
321.
421.
485.
120.
135.
217.
.28
76
38
14
23
99
96
41
84
O
i
—
‘
O
O
N
N
I
—
‘
O
O
.33
.26
.61
.12
.44
.61
.68
.09
.02
65.09
51.64
322.75
423.35
488.43
121.57
136.09
218.93
4.30
 
21.81
17.30
187.20
423.35
317.48
74.77
126.56
218.93
3.70
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 T
RENT
Parameter
Max. Pollution Load (tons/year)
Seasonal
Year~round
Probable Potential
Dw
el
li
ng
s
Dw
el
li
ng
s
Te
ta
l
Po
ll
ut
an
t
Lo
ad
(t
on
s/
ye
ar
)
To
ta
l
P
63
.8
5
11
.4
0
75
.2
5
25
.2
1
So
lu
bl
e
P
50
.6
6
9.
05
59
.7
1
20
.0
0
To
ta
l
N
31
6.
62
56
.5
3
37
3.
15
21
6.
43
Ch
lo
ri
de
41
5.
30
74
.1
5
48
9.
45
48
9.
45
So
di
um
47
9.
15
85
.5
5
56
4.
70
36
7.
06
Po
ta
ss
iu
m
11
9.
26
21
.2
9
14
0.
55
86
.4
4
Ma
gn
es
iu
m
13
3.
51
23
.8
4
15
7.
35
14
6.
34
Su
lp
ha
te
21
4.
77
38
.3
5
25
3.
12
25
3.
12
Ir
on
4.
22
0.
75
4.
97
4.
27
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APPENDIX NO. 3
Map showing the Distribution of Numbers of PWDS connected
to Year—Round dwellings in Southern Ontario.
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